Removal of Existing Structures Art. 501.03
DIVISION 500. STRUCTURES

BRIDGES

SECTION 501. REMOVAL OF EXISTING STRUCTURES

501.01 Description. This work shall consist of the removal of existing traffic
and drainage structures or portions thereof.

CONSTRUCTION REQUIREMENTS

501.02 General. Materials that are to be salvaged under the contract and
which the Engineer deems fit for reuse shall be carefully removed in transportable
sections and stockpiled near the site at a location designated by the Engineer. If the
material for reuse is unfit, through no fault of the Contractor, the material shall be
disposed of according to Article 202.03. When the Contractor damages or destroys
such material, the Contractor shall repair or replace the material in a manner
satisfactory to the Engineer. Materials that are not to be salvaged shall be removed
and disposed of according to Article 202.03.

When a superstructure is specified to be salvaged for reerection, all members
and loose parts shall be properly matchmarked, all machined steel surfaces treated
with an approved anti-rust compound, and all loose parts wired to adjacent members
or packed in marked boxes.

501.03 Protective Shield System. When required, a protective shield system
shall be erected and maintained to protect pedestrian, vehicular, or railroad traffic
from falling objects. The system shall protect the area shown on the plans. The
protective shield system shall be designed and constructed to sustain loads of
200 Ib/sq ft (9.5 kPa) in addition to its own weight. Protective shield systems
comprised of wood members shall be designed for a minimum loading duration of
seven days. The system may be either fixed or mobile. The existing vertical
clearances above roadways and/or railroad tracks shall be maintained. The
Contractor shall coordinate the installation with municipalities and/or utilities to insure
protection of their facilities during the removal process.

The Contractor shall submit working drawings and calculations prepared and
sealed by an lllinois Licensed Structural Engineer to the Engineer for the protective
shield system. The drawings shall provide full details, dimensions, and types of
materials proposed for use. The protective shield system shall not be installed until
authorization to proceed is given by the Engineer.

Concrete removal shall not commence until the protective shield system is in
place and in conformity with the sealed working drawings.

Upon completion of the work or when directed by the Engineer, the protective
shield system shall be removed.
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Art. 501.04 Removal of Existing Structures

501.04 Complete Removal of Structures. Existing structures shall be
removed to at least 1ft (300 mm) below the proposed elevation of subgrade or
ground surface. Portions of existing structures below this elevation that interfere with
the proposed construction shall also be removed.

When slope wall is specified to be removed, it shall be the responsibility of the
Contractor to determine the thickness of the slope wall to be removed and the extent
to which it is reinforced. No additional compensation will be allowed because of
variations from the assumed thickness or from the thickness shown on the plans, or
for variations in the amount of reinforcement.

Removal of existing pipe culverts shall include any headwalls, wingwalls, or
aprons attached to the culvert.

501.05 Partial Removal of Structures. Where portions of existing structures
are to remain in service, portions to be removed shall be removed in such a manner
as to leave the remaining structure undamaged and in proper condition for the use
contemplated. Any damage to the portions remaining in service shall be repaired.
Repairs shall be made as directed by the Engineer. The removed portions shall be
disposed of according to Article 202.03.

Prior to partial removal of any concrete structure, a 3/4 in. (20 mm) deep saw cut
shall be made along all boundaries of removal areas adjacent to areas to remain in
place.

Where existing bars are to extend from the remaining portions of existing
structures into new construction, the concrete shall be removed so as to leave the
projecting bars clean and undamaged. All newly exposed concrete and exposed
reinforcement bars to be incorporated into new concrete shall be blast-cleaned;
epoxy coated reinforcement bars shall be cleaned and repaired according to
Article 508.04. Where projecting bars are not to extend into the new construction,
they shall be cut off flush with the surface to which the old concrete has been
removed.

Additional requirements for the partial removal of specific structures shall be as
follows.

(a) Bridge Decks, Partial Removal. When utilizing hammers to perform partial
removal within 1 ft (300 mm) of the saw cut boundaries or portions of the
existing bridge deck to remain in service, the hammers shall be limited to
151b (7 kg) chipping hammers or hand tools. Particular care shall be
exercised at the bottom of the slab to avoid breakage beyond the designated
removal line. When jack hammers are utilized to remove the remaining
concrete, the hammers shall not be heavier than the nominal 45 Ib (20 kg)
class. More powerful hydraulic impact equipment will not be allowed to
perform this removal. The surfaces presented as a result of this removal
shall be reasonably true and even, with sharp straight corners that will
permit a neat and workmanlike joint with the new construction.

Upon removal of the formwork, the bottom surfaces of new concrete,
adjacent to remaining portions of existing concrete, shall be inspected with
hammer sounding to detect loose and delaminated areas. Those areas
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shall be removed as directed by the Engineer. All removed areas 1 in.
(25 mm) or deeper shall be repaired with an approved method.

(b) Bridge Decks, Complete Removal. The concrete within 1 ft (300 mm) of
partial depth saw cut boundaries, stage removal lines, or attached to and/or
supported by portions of the structure to remain in service shall be removed
according to Article 501.05(a). When jackhammers or hydraulic impact
equipment are utilized to remove the remainder of the concrete, the
equipment shall have a maximum rated striking energy of 1200 ft Ib
(1600 J). When saw cutting of the deck is utilized for deck removal, the top
flanges of all beams or girders shall be marked on the deck surface. Saw
cutting directly over the top of the beam or girder flanges will not be
permitted.

(c) Culverts. At locations designated by the Engineer, all earth and debris shall
be removed from the invert of the portions of existing culverts which are to
remain in service.

(d) Substructures. When piers, abutments, or retaining walls, etc. or portions
thereof are to be removed adjacent to structures or property to remain in
use, even if that use is only temporary, the removal shall be done in such a
manner as to not transmit damaging energy in to the remaining structure.
The maximum rated impact energy shall be limited to 1200 ft Ib (1600 J)
unless the remaining portion of the structure can be fully isolated from the
portion being removed. The removal shall be completed so as to maintain
adequate structural and foundation support of the remaining elements.

At the Contractor's option, hydrodemolition equipment meeting the requirements
of Article 1101.11 may be used. Operation of the hydrodemolition equipment shall be
performed and supervised by qualified personnel certified by the equipment
manufacturer. Evidence of certification shall be presented to the Engineer. When
partial-depth removal is required, the equipment shall be calibrated and set to remove
sound concrete to the required depth. If sound concrete is being removed below the
required depth, the Engineer will require the equipment to be recalibrated and reset.

The Contractor shall control the runoff water generated by the various
construction activities in such a manner as to minimize, to the maximum extent
practicable, the discharge of construction debris into adjacent waters, and shall
properly dispose of the solids generated according to Article 202.03. Runoff water
shall not be allowed to constitute a hazard on adjacent or underlying roadways,
waterways, drainage areas, or railroads, nor be allowed to erode existing slopes.

501.06 Method of Measurement. When paid for as a separate item, removal
of existing structures, removal of existing superstructures, removal of existing
concrete deck, and removal of existing concrete headwall for pipe culverts will be
measured for payment in units of each at the location designated on the plans.

The protective shield system will be measured for payment in place and the area
computed in square yards (square meters). The length will be measured along the
centerline of the structure. The width will be measured perpendicular to the
centerline of the structure.
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When paid for as a separate item, slope wall removal will be measured for
payment in place and the area computed in square yards (square meters).

Removal of existing culverts will be measured for payment in place, in feet
(meters) along the invert of the culvert.

When paid for as a separate item, removal of existing bridge rail will be
measured in place in feet (meters). The length measured will be the overall length
along the top longitudinal rail element through all posts and gaps. Removal and
disposal of all posts and connecting hardware associated with the bridge rail will not
be measured for payment.

When paid for as a separate item, the removal of concrete or masonry for partial
removal of structures will be measured for payment in place and the volume
computed in cubic yards (cubic meters).

Excavation of earth necessary to perform the removal of existing structures will
not be measured for payment.

Rock excavation will be measured for payment according to Article 502.12.

501.07 Basis of Payment. When the contract contains a separate item for
the removal of a structure, the work will be paid for at the contract unit price per each
for REMOVAL OF EXISTING STRUCTURES, REMOVAL OF EXISTING
SUPERSTRUCTURES, or REMOVAL OF EXISTING CONCRETE DECK at the
location designated on the plans.

When the contract contains a separate item for the partial removal of concrete or
masonry structures the work will be paid for at the contract unit price per cubic yard
(cubic meter) for CONCRETE REMOVAL or MASONRY REMOVAL.

Disposal of materials specified for salvage but deemed unfit for further use
through no fault of the Contractor will be paid for according to Article 109.04.

The protective shield system will be paid for at the contract unit price per square
yard (square meter) for PROTECTIVE SHIELD.

Removal of existing pipe culvert concrete headwalls will be paid for at the
contract unit price per each for CONCRETE HEADWALL REMOVAL.

Removal of existing pipe culverts will be paid for at the contract unit price per foot
(meter) for PIPE CULVERT REMOVAL.

When a pay item is provided in the contract, removal of existing slope wall will be
paid for at the contract unit price per square yard (square meter) for SLOPE WALL
REMOVAL.

When a pay item is provided in the contract, removal of existing bridge rail will be
paid for at the contract unit price per foot (meter) for BRIDGE RAIL REMOVAL.

When the Engineer directs that earth and debris be removed from culvert inverts,
such removal will be paid for according to Article 109.04.
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When existing structures or portions of existing structures are encountered which
cannot be removed by normal excavation procedures and are not shown on the plans
or are not evident in the field and are required to be removed, the cost of such
removal will be paid for according to Article 109.04.

Rock excavation will be paid for according to Article 502.13.

SECTION 502. EXCAVATION FOR STRUCTURES

502.01 Description. This work shall consist of the excavation required for the
construction of structures including bailing, draining, pumping, sheeting; the
construction of cofferdams, or temporary cribs if found necessary, and their
subsequent removal; and backfilling to the level of the ground surface as it existed
before any excavation was made.

CONSTRUCTION REQUIREMENTS

502.02 Clearing, Tree Removal, and Protection of Existing Plant Material.
Prior to starting excavation operations in any area, all clearing, tree removal, and
protection of existing plant material in that area shall be performed as specified in
Section 201.

502.03 General. Excavation for structures shall include all materials
encountered, regardless of their nature.

Structure excavation shall include all excavation, except rock excavation or
excavation within a cofferdam.

Cofferdam excavation shall include all excavation within the limits of a cofferdam,
except rock excavation.

Rock excavation for structures shall consist of the excavation of boulders
1/2 cu yd (0.4 cu m) in volume or greater and all rock in ledges, bedded deposits, and
conglomerate deposits exhibiting the physical characteristics and difficulty of rock
removal as determined by the Engineer. After the Engineer has made the
determination that the material qualifies as rock excavation, the Contractor may use
any method, approved by the Engineer, to remove the rock. Rock excavation for
structures shall also include existing concrete, masonry, timber grillages, foundation
piles, and similar materials which are not exposed to view, are not shown on the
plans, and for which payment is not otherwise provided.

502.04 Sequence of Operations. The elevations of the bottoms of footings,
as shown on the plans, shall be considered as approximate and the Engineer may
order such changes in dimensions or elevations of footings as may be necessary to
secure a satisfactory foundation. Where foundation piles are used, the excavation of
each footing, as shown on the plans, shall be completed before the piles are driven.
After the piles are driven, all loose and displaced material shall be removed to the
bottom of the footing elevation.
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502.05 Excavation in Rock. Where the footing excavation is in rock, the rock
shall be excavated to the plan dimensions of the footing or seal coat. No rock shall
project inside of such dimension more than 2 in. (50 mm). Other rock excavation
shall be as necessary for the construction of the structure, subject to the limitations
for measurement for payment specified in Article 502.12. All cracks, voids, seams, or
other irregularities in the excavation shall be cleaned and filled with concrete.

502.06 Cofferdams. Cofferdams shall consist of watertight enclosures
surrounding excavations. When cofferdams are not specified in the contract
documents and conditions are encountered where the excavation for the structure
cannot be kept free of water for prosecuting the work by pumping and/or diverting
water by the use of sheeting or dikes, the Contractor, with the written permission of
the Engineer, will be permitted to construct a cofferdam.

The cofferdams shall be designed, constructed, and removed with the Engineer's
approval. Cofferdams shall consist of engineered structural components consisting of
timber, standard steel sheet pile sections, structural steel sections, cylindrical metal
shells, or a combination of the above. Earthen embankments or dikes will not be
classified as cofferdams.

The Contractor shall submit drawings and design calculations showing the
proposed design, method of construction, removal, as well as other details left open
to choice or not fully detailed on the plans. The design and method of construction
shall provide, within the measurement limits specified in Article 502.12, necessary
clearance for forms, inspection of exterior of the forms, pumping, protection of fresh
concrete from rising water, and protection of the footing from erosion. No component
of the cofferdam shall extend into the substructure concrete without written
permission of the Engineer. These drawings shall be prepared and sealed by an
lllinois Licensed Structural Engineer and submitted to the Engineer and approved
prior to the start of construction.

(@) Seal Coat. Seal coats shall be constructed according to Article 503.14.
When a cofferdam and seal coat are added to the contract by written
permission of the Engineer, the design of the seal coat, including design
calculations, shall be included in the overall design of the cofferdam when
submitted to the Engineer for review and approval. When the excavation
within the cofferdam has been completed and piles have been driven, the
elevation of the bottom of the cofferdam shall be determined by soundings.
The equipment and methods used to conduct the soundings shall meet the
approval of the Engineer. Any material higher than the plan elevation of the
bottom of the seal coat shall be removed.

(b) Removal. Removal shall be according to the previously approved
procedure. Unless otherwise approved in writing by the Engineer, all
components of the cofferdam shall be removed.

502.07 Excavation Other Than Rock. When the structure excavation occurs
in material other than rock, the limits of the excavation shall not exceed the
dimensions specified in Article 502.12. These limits may be exceeded only with the
permission of the Engineer and subject to the limitations for measurement for
payment specified in Article 502.12. The depth of the excavation shall be carried to
the plan bottom of the footing elevation. If the material encountered at the plan
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bottom elevation of spread footings is soft, muddy, or otherwise unsuitable, the
material shall be removed to an additional depth as directed by the Engineer and
replaced with crushed stone, gravel or other material approved by the Engineer.

502.08 Pumping. Pumping from the interior of a foundation enclosure shall
be done in a manner approved by the Engineer. Pumping will not be allowed during
placement of the concrete or for a period of 24 hours after completion of the
placement, unless the pumping is accomplished from a watertight sump separated
from the concrete being placed. Pumping to dewater a sealed cofferdam shall not
begin until the seal coat has attained the design strength.

502.09 Inspection. After each excavation is completed, the Contractor shall
notify the Engineer. No concrete shall be placed until after the Engineer has
approved the depth of the excavation and the character and condition of the
foundation material. When ordered in writing by the Engineer, the bottom of the
excavated space within any cofferdam in which a seal coat is to be constructed shall
be inspected by a qualified diver.

502.10 Backfilling. Backfilling shall consist of placing and compacting the
necessary fill within the space excavated for a structure below the ground surface as
it existed before any excavation was made. Fill required above the ground surface as
it existed prior to excavation for the structure shall be considered as embankment.
Bracing, forms, and rubbish shall be removed from the excavation before the backfill
is placed. Unless sheeting is to remain in place, it shall be removed at such time as
directed by the Engineer to prevent loosening unexcavated material and facilitate
placing and compacting the backfill. Sloping sides of the excavation shall be stepped
or serrated to prevent wedging action of the backfill against the structure.

Where the original ground surface is higher than the proposed elevation of
roadway surface, stream banks or channels, the backfill shall be constructed up to
the elevation designated as the proposed ground surface.

Backfill which is to serve as a roadbed, or upon which embankment is to be
placed, shall be constructed by materials satisfactory to the Engineer. No sod, frozen
material, or any material which, by decay or otherwise, might cause settlement, shall
be placed or allowed to remain in the backfill at such locations. Whenever the
material obtained from the excavation is suitable, it may be used in constructing the
backfill. Excavated material that is unsuitable for backfill because it is in excess of
110 percent of the optimum moisture content shall be allowed to dry before being
used as backfill. Excavated material unsuitable for backfill shall be disposed of
according to Article 502.11. If the amount of suitable excavated material is
insufficient, suitable material shall be obtained and used for making or completing the
backfill.

In placing backfill or embankment, the material shall be placed simultaneously
insofar as possible to approximately the same elevation on both sides of a wall, pier,
or column. If conditions require placing backfill or embankment appreciably higher on
one side of a wall, pier, or column than on the opposite side, the additional material
on the higher side shall not be placed until test specimens show that the concrete has
attained the required flexural strength and the curing period is completed. In the
absence of tests to determine the flexural strength, the additional material on the
higher side shall not be placed until at least 14 days have elapsed after the placing of
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the concrete, exclusive of days on which the temperature of the air surrounding the
concrete falls below 45 °F (7 °C).

Backfill or embankment shall not be placed behind the walls of concrete culverts
until the top slab is placed and cured. Backfill and embankment behind the sidewalls
of culverts having a clear height of more than 5ft (1.5 m), shall be carried up
simultaneously, and at no time shall the fill be more than 2 ft (600 mm) higher than
behind the opposite sidewall.

Backfill shall not be placed in water at closed abutments, culverts, or retaining
walls. The excavated area around these structures shall be pumped dry, and any
mud or loose material within the excavated area shall be removed before placing
backfill. At piers, backfill may be placed in water, providing no roadway embankment
or slope wall is to be supported by the backfill and provided that both the water level
and backfill are kept at approximately the same elevation on opposite sides of the
pier. A time interval, approved by the Engineer, shall elapse before placing additional
fill on one side of the pier, above the water surface.

Mechanical compaction of backfill will not be required around piers upon which
no roadway embankment, slope wall, or other highway appurtenance is to be placed;
and at those locations that are not adjacent to a highway, railroad, or other
improvement beneath the structure.

Except as specified, the procedures for placing and compacting the backfill shall
be according to Articles 205.04, 205.05, and 205.06. Except as described above, all
backfill shall be placed in continuous horizontal layers not more than 8 in. (200 mm)
in thickness, loose measurement, and each layer shall be compacted with a
mechanical tamper of a type approved by the Engineer before the next layer is
placed, and the backfill shall be compacted to the density specified in Article 205.06.
If the moisture content of the backfill material exceeds 110 percent of the optimum
moisture content determined for this material, no additional material shall be placed
without the permission of the Engineer.

A deposit of gravel or crushed stone, CA5, CA7, or CA 11, according to the
gradation requirements of Article 1004.01, at least 2 ft (600 mm) in each direction
shall be placed at the back of each drain hole in abutments, wingwalls, retaining
walls, and culvert sidewalls. The bottom of this deposit shall be 2 in. (50 mm) below
the drain hole. All form boards or other obstructions shall be removed from the drains
before such deposit is placed. The cubical deposit of coarse aggregate shall be
completely enclosed in a fabric envelope. The fabric shall be according to the
requirements of the applicable portions of Section 1080 and Section 282 with either
the 6 or 8 0z/sq yd (200 or 270 g/sq m) material allowed. Free edges shall overlap by
12 in. (300 mm).

502.11 Disposal of Excess Excavation and Unsuitable Material.
Unsuitable material and suitable material in excess of that required for backfilling
shall be disposed of according to Article 202.03.

502.12 Method of Measurement. This work will be measured for payment as
follows.
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Contract Quantities. The requirements for the use of contract quantities
shall conform to Article 202.07(a).

Measured Quantities. Structure excavation, when specified, will be
measured for payment in its original position and the volume computed in
cubic yards (cubic meters). Horizontal dimensions will not extend beyond
vertical planes 2 ft (600 mm) outside of the edges of footings of bridges,
walls, and corrugated steel plate arches. The vertical dimension for
structure excavation will be the average depth from the surface of the
material to be excavated to the bottom of the footing or seal coat as shown
on the plans or ordered in writing by the Engineer.

Rock excavation for structures will be measured for payment as follows.

(1) General. Rock excavation will be measured for payment in its original
position and the volume in cubic yards (cubic meters) computed by the
method of average end areas.

(2) Footings and Seal Coats. Rock excavation for footings and seal coats
will be measured for payment in its original position and the volume
computed in cubic yards (cubic meters). Measurements will be taken
vertically from the top of the rock to the elevation of the bottom of the
rock or bottom of the structure, whichever occurs first, and horizontally
within the perimeter of the structure to be placed.

(3) Pipe Structures. Rock excavation for pipe structures will be measured
for payment in its original position and the volume computed in cubic
yards (cubic meters). Measurements will be taken vertically from the
elevation of the top of the rock to the specified elevation below the
bottom of the pipe and horizontally for the width of the trench specified
for placing the pipe. When the depth of rock removal below the bottom
of a pipe structure is not otherwise specified, the rock shall be removed
to 8 in. (200 mm) below the bottom of the pipe; except for water service
lines and pipe underdrains, the depth of removal shall be 3 in. (75 mm)
below the bottom of the pipe.

Rock excavation for storm sewers which are jacked in place will be
measured as the volume actually moved, except that the horizontal
dimension will not be greater than the external diameter of the pipe plus
12 in. (300 mm) and the vertical dimension will not be greater than the
external diameter of the pipe plus 12 in. (300 mm) above the pipe and
8 in. (200 mm) below the pipe, unless the total vertical dimension is less
than 4 ft (1.2 m), in which case 4 ft (1.2 m) may be used.

(4) Boulders, Concrete, or Timber. Boulders, concrete, or timber, 1/2 cu yd
(0.4 cu m) or more in volume, will be measured for payment individually
and the volume in cubic yards (cubic meters) computed from average
dimensions taken in three directions. The quantity of concrete or timber
to be paid for will be the volume of such material actually removed
within the limits of the excavation as specified.
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(5) Sumps in Rock. Where it is necessary to construct sumps in rock,
measurements shall include the areas and depths required for such
sumps.

Cofferdam excavation will be measured for payment in cubic yards (cubic
meters) in its original position within the cofferdam sheeting. The horizontal
dimensions used in computing the volume will not extend beyond vertical
planes 2 ft (600 mm) outside of the edges of the pier footings or 4 ft (1.2 m)
outside of the faces of the pier wall whichever is greater. The vertical
dimensions will be the average depth from the surface of the material to be
excavated to the elevation shown on the plans for bottom of the footing or
seal coat, or as otherwise determined by the Engineer as the bottom of the
excavation.

502.13 Basis of Payment. Except as provided, the work specified in this
Section will not be paid for as a separate item. Where excavation for structures is not
specified, the cost of the excavation shall be considered as included in the contract
unit price for the class of concrete involved, or other unit price item of the work for
which it is required. Structure excavation, when specified, will be paid for at the
contract unit price per cubic yard (cubic meter) for STRUCTURE EXCAVATION.

Cofferdam excavation will be paid for at the contract unit price per cubic yard
(cubic meter) for COFFERDAM EXCAVATION. When the contract does not contain
a pay item for cofferdam excavation and this item is required, it will be paid for
according to Article 109.04.

Rock excavation for structures will be paid for at the contract unit price per cubic
yard (cubic meter) for ROCK EXCAVATION FOR STRUCTURES. When the contract
does not contain a pay item for rock excavation for structures and this item is
required, it will be paid for according to Article 109.04.

Removal and disposal of unstable and/or unsuitable material will be paid for
according to Article 202.08.

Where it is necessary to excavate below the plan bottom of footing elevation, the
excavation will be paid for at the contract unit prices for the class of excavation
involved. Furnishing and placing the crushed stone, gravel, or other material will be
paid for according to Article 109.04.

Cofferdams, when specified, will be paid for at the contract unit price per each for
COFFERDAMS, at the locations specified. When added to the contract, cofferdams
will be paid for according to Article 109.04.

Tree removal and protection of existing plant material will be paid for according
to Section 201.

Additional suitable material required for backfilling within the roadbed, will be
paid for according to Article 109.04.

When ordered by the Engineer in writing, cofferdam inspection by a certified
diver will be paid for according to Article 109.04.
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SECTION 503. CONCRETE STRUCTURES

503.01 Description. This work shall consist of constructing cast-in-place
concrete structures.

503.02 Materials. Materials shall be according to the following.

Item Article/Section
(@) Portland Cement Concrete .............
(b) Protective Coat ........cceeeveeeiiiininenn.
(c) Preformed Expansion Joint Fillers ..
(d) Waterproofing Materials ..................
(e) Nonmetallic Water Seals ................
() ReINfOrCEMENT BAIS .....coviiiiiiiiiiiiiee ettt e e e

503.03 Equipment. Equipment shall be according to the following.

Item Article/Section
(@) HaNd VIDrator .......oooieeiieiieee e 1103.17(a)
(b) Vibrating Screed ....... 1103.17(9)

(c) Finishing Machine...... 1103.13(a)
(d) Fogging Equipment 1103.17(k)

CONSTRUCTION REQUIREMENTS

503.04 Excavation and Backfill. Excavation and backfill shall be according
to Section 502. Substructures, foundations, and footings shall be constructed in open
excavation wherever practicable.

503.05 Falsework. The Contractor shall submit detailed plans for falsework,
prepared and sealed by an lllinois Licensed Structural Engineer, for examination by
the Engineer. If such plans are not satisfactory to the Engineer, the Contractor shall
make such changes in them as may be required.

For continuous concrete slab and girder bridges, falsework shall be provided for
the full length of each continuous unit and the full width of the structure.

For calculating the strength of falsework, a weight (mass) of 150 Ib/cu ft
(2400 kg/cu m) shall be assumed for the concrete. The design of the falsework shall
take into account the weight of the concrete and also other loads incidental to the
construction operations. All falsework shall be designed and constructed to provide
the necessary rigidity and to support the imposed loads without appreciable
settlement or deformation. The Contractor shall make allowance for the deflection,
shrinkage, and settlement of falsework, in addition to the allowance for the amount of
dead load deflection and camber shown on the plans. A method satisfactory to the
Engineer shall be used to detect any settlement that may occur during the placing of
the concrete.

Falsework bents shall be founded upon piling driven to a capacity sufficient to
support the load without appreciable settlement. If the soil is firm and well
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compacted, the Contractor may, as an alternate, place falsework bents upon concrete
footing or mud sills of sufficient size that the pressure on the soil will not exceed
1 1/2 tons/sq ft (145 kPa) or the Contractor may support falsework from the piers or
abutments, provided sleeves for any tie bolts can be cast into the concrete. Sleeves
or other appurtenances cast into the concrete shall be constructed so as to permit
their removal to a depth of at least 1 1/2 in. (40 mm) from the face without injury to
the concrete. Drilling into existing piers or abutments that are to remain as a part of
the final structure will not be permitted for the support of falsework. The Engineer
may require the Contractor to use screw jacks or hardwood wedges to take up any
settlement in the form work, either before or during the placing of the concrete.

Falsework supporting forms for cast-in-place concrete shall remain in place until
tests show that the concrete has attained the required flexural strength and the curing
period is completed. In the absence of tests to determine the flexural strength, the
falsework shall remain in place until at least 14 days have elapsed after the placing of
the concrete, exclusive of days in which the temperature falls below 45 °F (7 °C).
When either fly ash or ground granulated blast-furnace slag has been used in the
concrete mixture, falsework shall remain in place a minimum of 28 days from the time
of concrete placement in the absence of strength tests.

No superimposed load, either dead or live, will be allowed upon the bridge during
the period the falsework is required to remain in place. If longitudinal construction
joints are provided in the roadway of any superstructure, the falsework shall not be
released under one portion adjacent to such a joint until the concrete in that portion
has attained the required strength and the concrete has been placed in the portion on
the opposite side of such joint. The falsework shall not be removed from either side
of such joint until all the concrete has attained the required flexural strength and the
curing period is completed.

A compressive strength established through field testing to be equivalent to the
required flexural strength may be used if approved by the Engineer.

Falsework shall be removed in such a manner as to permit the concrete to take
uniformly and gradually the stress due to its weight (mass).

503.06 Forms. Forms shall be set and maintained to the lines and grades
shown on the plans.

For continuous concrete slab and girder bridges, forms shall be provided for the
full length and width of each continuous unit formed. The Contractor shall submit
detailed plans for forms for review and approval by the Engineer.

A weight (mass) of 150 Ib/cu ft (2400 kg/cu m) shall be assumed for the concrete
in the design of the forms. The design of the forms shall provide for accommodation
of incidental loads, settlement, deadload deflection, shrinkage, and deformation of the
form components. The forms shall provide the structural capacity required to produce
finished concrete to the lines and grades specified on the plans. Forms shall be
constructed of wood or metal. Supporting or attaching forms by welding to or drilling
or cutting holes in beams will not be allowed.
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Wood forms for exposed surfaces shall be made of dressed lumber or plywood.
Except for curved and special surfaces, wood forms shall be surfaced on both sides
and both edges and shall be sized to uniform thickness.

Metal forms shall be of such thickness that they will remain true to shape. All
bolts and rivet heads in contact with concrete shall be countersunk. Clamps, pins,
and other connecting devices shall be designed to hold the forms rigidly in place and
to allow removal without injury to the concrete. Metal forms which do not present a
smooth surface or line up properly shall not be used. Metal forms shall be free from
rust, grease, or other foreign matter.

Forms shall be filleted at all sharp corners. Triangular moldings used for fillets or
V-shaped notches shall have two equal sides. Where the size of the molding is
specified, the dimension stated shall be the width of each of the equal sides.

Moldings for fillets and notches shall be 3/4 in. (20 mm). The moldings for
corners on handrails and handrail posts shall be 1/2 in. (13 mm). All moldings shall
be cut with true edges, surfaced on all sides, and not warped, cracked, or frayed.
Forms shall be given a bevel or draft in case of all projections, such as girders and
copings.

When directed by the Engineer, temporary openings shall be provided in the
bottom of forms for cleaning out all extraneous material immediately prior to placing
concrete.

Tie rods, bolts and anchorages within the forms shall be constructed so as to
permit their removal to a depth of at least 1 1/2 in. (40 mm) from the face without
injury to the concrete. Wire ties, when used, shall be cut back at least 1/2 in. (13 mm)
from the face of the concrete upon removal of the forms, except on surfaces not
exposed to view, they may be cut flush. All fittings for metal ties shall be of such
design that, upon their removal, the cavities which are left will be of the smallest
practicable size.

Prior to reinforcement bar placement, forms shall be coated with form oil. When
the surfaces are not exposed to view, wood forms may be saturated with water, in
lieu of form oil, immediately prior to placement of the concrete.

Forms shall remain in place until permission is obtained from the Engineer for
their removal. For Class Sl concrete substructure components that will be self-
supporting after the forms are removed, and for Class BS concrete components,
except those defined in Article 503.16(b), the forms shall remain in place until the
concrete has attained the required flexural strength and the curing period is
completed. For the remainder of cast-in-place concrete components the forms shall
remain in place at least 24 hours.

In the absence of tests to determine the flexural strength, the forms shall remain
in place until at least 14 days have elapsed after placing the concrete, exclusive of
days the temperature falls below 45°F (7°C). When either fly ash or ground
granulated blast-furnace slag has been used in the concrete mixture, forms shall
remain in place a minimum of 28 days from the time of concrete placement in the
absence of strength tests.
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A compressive strength established through field testing to be equivalent to the
required flexural strength may be used if approved by the Engineer.

The method of form removal shall not result in damage to the concrete. If forms
are removed prior to the completion of the required curing period, curing shall be
resumed with an approved curing method for the remainder of the curing period.

Additional requirements for form liners and bridge deck forms shall be as follows.

(@) Form Liners. When form liners are specified, the Contractor shall submit
plans for the form liner pattern along with an installation procedure for
approval by the Engineer.

All form liner joints and tie holes shall be sealed.

Form release agents shall be according to the recommendations of the form
liner manufacturer. The form release agent shall be compatible with all
curing agents and admixtures.

The temperature differential between the form liner and concrete shall not be
greater than 9 °F (5 °C) for normal ambient conditions. During cold weather,
the form liner shall be applied in the same ambient conditions as concrete
placement is to take place. In ambient conditions above 90 °F (32 °C), form
liner attachment shall allow for thermal expansion.

Variations in dimensions for the cast-in-place concrete with a textured
surface shall be within the following tolerances: the width and depth of
textured joints shall be within + 1/8 in. (£ 3 mm); the location of the joints
shall be within + 1/2 in. (= 13 mm); and the maximum variation of a joint from
a straight line shall be + 1/4 in. (= 6 mm) in 10 ft (3 m).

A 2 x 2 ft (600 x 600 mm) test sample that includes the proposed textured
surface shall be cast and supplied to the Engineer for his/her approval
30 days prior to pouring the cast-in-place concrete.

(b) Bridge Deck Forms. Forms used in casting concrete bridge decks will not
be allowed to remain in place permanently. All tie rods, bolts, anchorages,
brackets, and other forming hardware which is incorporated into the bridge
deck shall be either epoxy coated or galvanized. Areas of epoxy coating
which have been damaged shall be repaired.

When the Contractor uses cantilever forming brackets on the exterior beams
or girders, the following procedures will be required.

(1) Bracket Placement. The resulting force of the leg brace of the
cantilever bracket shall bear on the web within 6 in. (150 mm) of the
bottom flange of the beam or girder.

(2) Beam Ties. The exterior beams or girders, supporting cantilever
forming brackets, shall be tied together. On stage construction where
cantilever brackets are supported on one exterior line of beams or
girders, this line shall be tied to the furthest opposite interior line.
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The ties shall be spaced at 4 to 8 ft (1.2 to 2.4 m) centers; except, when
steel beams or girders are used and the finishing machine rails are
located outside of the exterior beam or girder, the tie spacing shall be
4 ft (1.2 m) maximum. Cross frames on steel girders which do not have
a top strut shall not be considered a tie.

Ties shall be a minimum of No. 4 (No. 13) epoxy coated reinforcement
bars with threaded ends. Each tie bar shall be furnished with an
approved tie bar stabilizing system consisting of adjustable end clips,
lag studs, and turnbuckles. The tie clips shall mechanically attach to
the outside fascia girder or interior girders as required for stage
construction and the individual tie bar. The tie bars shall be placed
parallel to and have the same clearance from the deck form work as
required for the bottom transverse reinforcement. No welding will be
permitted to the structural steel or stud shear connectors, or
reinforcement bars for concrete beams, for the installation of the tie bar
stabilizing system. After installation, the tie bar shall be tensioned with
the turnbuckles until the bar does not vary from a straight line from
center of end clip to center of opposite end clip.

(3) Beam Blocks. Hardwood 4 x 4 in. (100 x 100 mm) blocks, or material of
an equivalent strength, shall be wedged between the webs of exterior
and first interior beams within 6 in. (150 mm) of the bottom flanges at
each location where the top of the beams are tied together.

If the Contractor elects to use cantilever brackets with an alternate
procedure, the Contractor shall submit design calculations and detailed
plans for approval by the Engineer.

503.07 Placing and Consolidating. No concrete shall be placed on ice,
snow, or frozen foundation material.

The method and manner of placing concrete shall be such as to avoid
segregation or separation of the aggregates or the displacement of the reinforcement.
The external surface of all concrete shall be thoroughly worked during the operations
of placing in such a manner as to work the mortar against the forms to produce a
smooth finish free of honeycomb and with a minimum of water and air pockets.

Open troughs and chutes shall extend as nearly as practicable to the point of
deposit. Dropping the concrete a distance of more than 5 ft (1.5 m) or depositing a
large quantity at any point and running or working it along the forms will not be
permitted. The concrete for walls with an average thickness of 12 in. (300 mm) or
less shall be placed with tubes so that the drop is not greater than 5 ft (1.5 m).

When concrete is pumped, the equipment shall be suitable in kind and adequate
in capacity for the work and arranged so that vibrations will not damage freshly
placed concrete. Aluminum pipe or conduit will not be permitted in pumping or
placing concrete. Mixed concrete shall be supplied so that the pumping equipment
will be in continuous operation.
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When placing Class BS concrete with a pump, the discharge end of the pump
shall have an “S” shaped flexible or rigid conduit, a 90 degree elbow with a minimum
of 10 ft (3 m) of flexible conduit placed parallel to the deck, or a similar configuration
approved by the Engineer.

Placing of concrete shall be regulated so that the pressures caused by the wet
concrete will not exceed those used in the design of the forms. Special care shall be
taken to fill each part of the forms by depositing the concrete as near its final position
as possible, to work the coarser aggregates back from the face, and to force the
concrete under and around the reinforcement bars without displacing them. Leakage
through forms onto beams or girders shall not be allowed to harden and shall be
removed while in a plastic state.

The concrete shall be consolidated by internal vibration, except in thin sections
or inaccessible locations where consolidation by internal vibration is not practicable.

The Contractor shall provide and use a sufficient number of vibrators to ensure
that consolidation can be started immediately after the concrete has been deposited
in the forms.

The vibrators shall be inserted into the concrete immediately after it is deposited
and shall be moved throughout the mass so as to thoroughly work the concrete
around the reinforcement, embedded fixtures, and into the corners and angles of the
forms. Vibrators shall not be attached to the forms, reinforcement bars, or the
surface of the concrete.

Application of vibrators shall be at points uniformly spaced and not farther apart
than twice the radius over which the vibration is visibly effective. The duration of the
vibration at the points of insertion shall be sufficient to thoroughly consolidate the
concrete into place but shall not be continued so as to cause segregation. When
consolidating concrete in bridge decks, the vibrator shall be vertically inserted into the
concrete for 3 - 5 seconds or for a period of time determined by the Engineer.
Vibration shall be supplemented by spading when required by the Engineer. In
addition to the internal vibration required herein, formed surfaces which will be
exposed to view after completion of the work shall be spaded with a spading tool
approved by the Engineer.

Concrete shall be placed in continuous horizontal layers. When it is necessary
by reason of an emergency to place less than a complete horizontal layer in one
operation, such layer shall terminate in a vertical bulkhead. Separate batches shall
follow each other closely and in no case shall the interval of time between the placing
of successive batches be greater than 20 minutes.

After the concrete has taken its initial set, care shall be exercised to avoid jarring
the forms or placing any strain on the ends of projecting reinforcement.

503.08 Depositing Concrete Underwater. Concrete shall not be exposed to
the action of water before setting, or deposited in water, except with the approval of
the Engineer and under his/her immediate supervision.

When concrete is deposited underwater, it shall be carefully placed in its final
position by means of a tremie and shall not be disturbed after being deposited. Still
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water shall be maintained at the point of deposit and all form work designed to retain
concrete underwater shall be watertight. The consistency of the concrete shall be
carefully regulated and segregation of the materials shall be prevented. The method
of depositing concrete shall produce approximately horizontal surfaces.

The tremie shall consist of a tube having a diameter of not less than 10 in.
(250 mm) and constructed in sections having flanged couplings fitted with gaskets.
The means of supporting the tremie shall permit the free movement of the discharge
end over the entire top surface of the work and shall permit it to be rapidly lowered
when necessary to choke off or retard the flow. The discharge end shall be entirely
sealed at all times and the tremie tube kept full to the bottom of the hopper. When a
batch is dumped into the hopper, the tremie shall be raised slightly to induce the flow
of concrete but the lower end shall be kept below the top of the deposited concrete
until the batch is discharged. The flow shall then be stopped by lowering the tremie.

At the Contractor's option, pumping equipment may be used in lieu of a tremie to
deposit concrete underwater. The Engineer will approve the concrete pumping
equipment and its piping before the work is started.

503.09 Construction Joints. Construction joints shall be made only at
locations shown on the plans or approved by the Engineer, except in cases of
breakdowns or other unforeseen and unavoidable delays.

All construction joints shall be bonded unless noted otherwise. When not shown
on the plans, their location shall be confined, as far as possible, to regions of low
shearing stress and to locations that will be hidden from view. When possible, the
location of construction joints shall be planned in advance and the concrete placed
continuously from joint to joint. The reinforcing steel shall extend through such joints.
If a construction joint is necessary in the sloped portion of a wingwall or similar
location where a featheredge would result, the joint shall be constructed so as to
produce an edge thickness of not less than 6 in. (150 mm) in the succeeding layer.
No construction joint shall be placed within 18 in. (450 mm) of the top of any wall or
pier unless the details of the work provide for a coping having a thickness of less than
18 in. (450 mm), in which case, at the option of the Engineer, a construction joint may
be made at the underside of the coping.

The face edges of all joints which are exposed to view shall be carefully finished
true to line and elevation. Shear keys, formed into or out from the surface of the
previously placed concrete or steel dowels, shall be used where required. Shear
keys formed into the concrete shall be formed by the insertion and subsequent
removal of beveled wood strips which shall be thoroughly saturated with water prior to
insertion. Steel dowels may, at the discretion of the Engineer, be used in lieu of keys.
The size and spacing of the keys and dowels will be as determined by the Engineer.

Between adjacent sections of retaining walls and abutment walls, a V-shaped
groove shall be formed in the exposed face of the walls by the use of 1/2 in. (13 mm)
triangular molding on each side of the joint.

Care shall be exercised not to injure the concrete or break the concrete-steel

bond at any time. In constructing bridge decks where longitudinal joints are specified,
a platform shall be constructed outside the longitudinal joints and supported on the
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lower form, and personnel will not be permitted to stand or walk on the projecting
reinforcement bars until the concrete has hardened.

The Contractor, subject to approval of the Engineer, may pour a bridge deck full
width with horizontal bonded construction joints between the deck and curbs,
parapets, or sidewalks.

(@) Unbonded Construction Joints. Unbonded construction joints shall be made
by forming or striking off the initial concrete placed to a true and even
surface and allowing it to set. Loose material shall be removed. The new
concrete shall be thoroughly consolidated against the existing concrete.

(b) Bonded Construction Joints. For bonding to hardened concrete, the existing
cement paste shall be removed to create a prepared surface. The surface
shall be prepared by washing with water under pressure or by sandblasting
to expose clean, well bonded aggregate.

To facilitate the removal of the cement paste, the form in contact with the
first pour or the exposed surface of the first pour, may be thoroughly covered
with a surface retarder. When the surface retarder is applied directly to the
fresh concrete surface, its application shall be completed within 30 minutes
after concrete placement.

The surface retarder shall be a ready-to-use liquid compound that delays the
set of a concrete surface, and shall be approved by the Engineer in advance
of beginning the work. It shall produce results satisfactory to the Engineer
and will be evaluated on the tests performed by the Engineer, and on the
manufacturer's data recommendations.

The prepared surface of the existing concrete shall be wetted a minimum of
one hour before application of the new concrete. The surface shall be
maintained in a dampened condition during that period. Immediately before
placing the new concrete, any excess water shall be removed.

503.10 Expansion Joints. Expansion joints shall be constructed to permit
freedom of movement. After all other work is completed, all thin shells of mortar and
projections of the concrete into and around the joint space that are likely to spall
under movement or prevent the proper operation of the joint shall be carefully
removed. Expansion joint devices shall be furnished and installed according to
Section 520.

(@) Open Joints. Reinforcement shall not extend across or into an open joint.
Open joints in railings or under projecting portions of rail posts shall be
formed with square corners unless beveled corners are specified. When not
protected by metal expansion guards, open joints in decks and sidewalks
shall be finished with an edging tool satisfactory to the Engineer.

(b) Filled Joints. When preformed joint filler is specified, the material may be
any one of the types specified in Section 1051. The preformed joint filler
shall be placed in correct position before the adjacent concrete on one side
of the joint is poured. The joint filler shall be cut from the least practicable
number of pieces to fit exactly and completely fill the space shown on the
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plans. Loose fitting or open points between sections of filler or between filler
and forms will not be permitted.

(c) Edge Supports. The plates, angles, or other structural shapes provided as
edge supports at open joints between adjacent spans shall be furnished and
installed according to Article 520.03.

503.11 Drainage Openings. When specified, drain holes shall be
constructed in abutment walls, wingwalls, retaining walls, and culvert sidewalls. A
cubical deposit of gravel or broken stone shall be placed behind each drain hole
according to Article 502.10.

The locations of drains on all concrete superstructures shall be adjusted so as to
prevent the discharge of drainage water against any portion of the structure, or
directly onto any railroad, highway or unprotected embankment beneath the structure.

Drains consisting only of openings formed in the deck and curbs shall be
provided with a surrounding drip notch in the bottom surface of the slab.

Deck drains shall be placed and securely fastened in position before the
concrete is placed.

503.12 Nonmetallic Water Seals. Nonmetallic water seals shall be installed
as shown on the plans. Provisions shall be made to adequately support the water
seal during construction. The projecting edges and ends of partially embedded water
seals shall be protected from damage.

When splices are required, they shall be made by heating or vulcanizing to form
continuous watertight joints. For the polyvinylchloride water seal, the heat shall be
sufficient to melt but not char the plastic.

503.13 Foundations and Footings. When concrete footings are constructed
in excavation other than rock, forms shall be used for all vertical surfaces, except
when the excavation can be made and will remain true to the required lines and
grades until the concrete is placed in the excavated space, the Engineer may permit
forms to be omitted. When forms are omitted, the entire excavated space shall be
filled with concrete to the elevation of the top of the footing.

When concrete footings are constructed in rock, forms shall be omitted and the
entire space shall be filled with concrete up to the top of the footing, or to the top of
the rock if the latter is lower.

In all cases, where sumps are required for the disposal of water, they shall be
constructed outside the footing areas and forms shall be used for the footings at each
sump.

The concrete footing for each substructure unit shall be placed monolithically,
except when joints are specified. Vertical construction and expansion joints shown
on the plans in abutments and wing walls shall not extend through the footing. In
retaining walls or other structures, where joints extend through the footing, the water
seal required in the joints between adjacent sections of wall need not extend below
the top of the footing.
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When concrete encasement is specified, this work shall include the furnishing
and placing of the reinforcement required for encasement and any excavation
necessary to construct it.

503.14 Seal Coats in Cofferdams. When conditions are encountered which
render it impractical to dewater a cofferdam before placing concrete, the Contractor
will be permitted to construct a concrete seal coat. Seal coats will not be authorized,
except where properly constructed cofferdams cannot be dewatered satisfactorily by
ordinary means.

The seal coat shall be constructed below the elevation of the footing and will not
be considered a part of the footing. Seal coats shall be designed to withstand the
hydrostatic pressure taking into account the resistance afforded by the cofferdam and
foundation piles. Seal coats shall be constructed of Class SC concrete. Seal coat
concrete shall be placed in one continuous operation according to Article 503.08.

503.15 Surface Finish. Depressions resulting from the removal of ties, and
holes left by attachments to rod or bolt anchorages, shall be neatly pointed with a
mortar of sand and cement mixed in the proportions of, and color matched to, the
concrete being treated.

Air pockets or rough places larger than 1/2 in. (13 mm) diameter shall be pointed
as specified in the foregoing paragraph. Honeycombed areas shall be chipped out by
the Contractor and inspected by the Engineer before being pointed.

After being pointed, form liners and all other surfaces that will be exposed to view
after completion of the work, except those surfaces specified in Articles 503.16(a) and
(b)(2), shall be given a normal finish.

(@) Normal Finish. A normal finish shall consist of the removal of fins, rough
spots, stains, hardened mortar or grout, and form lines by rubbing with a
No. 16 carborundum stone or an abrasive of equal quality without materially
changing the texture of the surface. The rubbing shall be continued
sufficiently to produce a surface matching the surrounding surface.

When the surface of concrete shows a film of oil left from an excess of oil on
the forms, or the concrete is oil-stained, or is otherwise not of uniform color,
the Engineer may require the Contractor to employ the following cleaning
method. Mix one part portland cement and 1 1/2 parts fine sand with
sufficient water to produce a grout having the consistency of thick paint.
Portland cement from the source of the cement used in the concrete shall be
used in the grout. Wet the surface of the concrete sufficiently to prevent
absorption of water from the grout and apply the grout uniformly with
brushes, completely filling air bubbles and holes. Immediately after applying
the grout, float the surface with a suitable float, scouring the wall vigorously.
While the grout is still plastic, the surface shall be finished with a sponge
rubber float removing all excess grout. This finishing shall be done at the
time when grout will not be pulled from holes or depressions. Next, allow
the surface to dry thoroughly, then rub it vigorously with dry burlap to
completely remove any dried grout. There shall be no visible film of grout
remaining after this rubbing. The entire cleaning operation for any area
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must be completed the day it is started. No grout shall be left on the wall
overnight. No cleaning operations shall be undertaken until all patching and
filling of tie holes has been done.

(b) Rubbed Finish. Surfaces to receive a rubbed finish will be designated on
the plans.

The surfaces shall be thoroughly wet with a brush and rubbed with a No. 16
carborundum stone, or an abrasive of equal quality, bringing the surface to a
paste. The rubbing shall be continued sufficiently to remove all roughness
and projections, producing a smooth dense surface free from pits and
irregularities. The material which has been ground to a paste in the above
process shall be carefully spread or brushed uniformly over the rubbed
surface and permitted to reset. The final finish shall be obtained by a
thorough rubbing with a No. 30 carborundum stone, or an abrasive of equal
quality, first wetting with a brush as for the initial rubbing. The finish rubbing
shall continue until the entire surface is of a smooth texture and uniform in
color.

(c) Bearing Seats. Seats for bridge bearings shall be finished smooth at the
proper plane and elevation with a steel trowel within 1/8 in. (3 mm) of the
specified elevation before the bearings are placed. After the water sheen
has disappeared, the surface shall be given a final finish by brushing with a
whitewash brush. The brush shall be drawn across the seat longitudinally
with the bridge deck, with adjacent strokes slightly overlapping, producing a
uniform, slightly roughened surface with parallel brush marks.

503.16 Concrete Superstructures. The concrete in bridge decks, slab
bridges or other monolithic superstructures shall be placed in one continuous
operation between expansion or construction joints specified. Sidewalks, curbs, and
medians shall be placed monolithically with the superstructure unless a construction
joint is specified.

When falsework is utilized to support steel or precast concrete beams during
erection, the falsework shall be removed prior to pouring the deck. The concrete
bridge deck or top riding surface of the superstructure shall be constructed so that the
top of the finished surface shall be at the final plan elevation after taking into account
any anticipated deflection of the supporting members due to the weight of the deck,
median, and parapets.

Fogging equipment shall be in operation unless the evaporation rate is less than
0.1 Ib/sq ft/hour (0.5 kg/sq m/hour) and the Engineer gives permission to turn off the
equipment. The evaporation rate shall be determined according to the figure in the
Portland Cement Association’s publication “Design and Control of Concrete Mixtures”
(refer to the section on plastic shrinkage cracking). The Contractor shall provide
temperature, relative humidity, and wind speed measuring equipment. The fogging
equipment shall be adjusted to adequately cover the entire width of the pour.

If there is a delay of more than ten minutes during concrete placement, wet
burlap shall be used to protect the concrete until operations resume. Concrete
placement operations shall be coordinated to limit the distance between the point of
concrete placement and concrete covered with cotton mats for curing. The distance
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shall not exceed 35ft (10.7 m). For pour widths greater than 50 ft (15 m), the
distance shall not exceed 25 ft (7.6 m).

(@) Riding Surfaces of Superstructures. Superstructure riding surfaces shall be
finished and textured as follows.

@)

@)
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Initial Finishing. After the concrete is placed and consolidated, it shall
be struck off and finished with a power driven finishing machine.

The finishing machine will not be required for that portion of the surface
outside of the outer construction joints shown on the plans when the
distance from the construction joint to the parapet flow line is less than
6 ft (2 m). The concrete surface in these areas shall be finished with a
hand operated float.

At the Contractor’'s option, a vibrating screed may be used in lieu of a
finishing machine for superstructures with a pour width less than 16 ft
(5 m). After the concrete is placed and consolidated, it shall be struck
off with a vibrating screed allowing for camber, if required. The vibrating
screed shall be of a type approved by the Engineer. A slight excess of
concrete shall be kept in front of the cutting edge at all times during the
striking off operation. After screeding, the entire surface shall be
finished with long handled floats.

Long handled floats having blades not less than 3 ft (1 m) in length and
6in. (150 mm) in width may be used to smooth and fill occasional
porous or open-textured areas in the concrete surface, but shall not be
used to float the entire surface. The Contractor shall take immediate
corrective action to eliminate the causes of the porous or open-textured
areas as they occur.

The Contractor may, at their option, transversely float the entire surface
with a hand-operated float having blades not less than 10 ft (3 m) in
length and 6in. (150 mm) in width. If the Contractor chooses to
transversely float the entire surface with the 10 ft (3 m) hand float and
surface corrections are made, straightedge testing while finishing will
not be required.

Water will not be permitted to be applied to the bridge deck surface
unless it can be demonstrated to the Engineer that workability cannot
be obtained. If water is permitted by the Engineer, it shall be applied in
a fine mist by means of a sprayer, at a distance not to exceed 12 in.
(300 mm) from the surface. Application by brushes or any other method
that concentrates water will not be permitted.

Excess concrete, mortar, or paste produced by the finishing process
shall not be discarded into areas of the bridge deck that will be covered
by sidewalks, medians, curbs, or parapets or otherwise incorporated
into the work but shall be removed and disposed of properly.

Straightedge Testing and Surface Correction. After the finishing has
been completed and while the concrete is still plastic, the surface shall
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be tested for trueness with a 10 ft (3 m) straightedge. The Contractor
shall furnish and use an accurate 10 ft (3 m) straightedge which has a
handle not less than 3 ft (1 m) longer than 1/2 the pour width. The
straightedge shall be held in contact with the surface and passed
gradually from one side of the superstructure to the other. Advance
along the surface shall be in successive stages of not more than 1/2 the
length of the straightedge. Any depressions found shall be immediately
filed with freshly mixed concrete, struck off, consolidated, and
refinished. High areas shall be cut down and refinished. The
straightedge may be used to finish and seal the bridge deck surface
when approved by the Engineer.

Texture. All riding surfaces shall be textured in the plastic state and
subsequently saw cut grooved after the concrete has cured.

a. Plastic Texture. The texture shall be formed into the plastic
concrete with a burlap or artificial turf carpet drag. The burlap or
artificial turf shall be attached to a work bridge riding on rails, or
other approved device that will permit control of the time and rate of
texturing. The burlap or artificial turf carpet shall have a length
equal to the width of the pour or from face-to-face of curbs, as
applicable. The burlap or carpet shall be laid on the concrete
surface and dragged, parallel to the centerline of the roadway, in
the direction that the superstructure is being poured with
approximately 2 ft (600 mm) of its width in contact with the concrete
surface. The drag shall be operated so as to produce a uniform
finish. The burlap shall be double thickness and shall be kept
saturated with water while in use. The artificial turf carpet may be
weighted, if necessary, for maintaining intimate contact with the
concrete surface.

b. Saw Cut Grooving. The grooving operation shall not be started
until after the expiration of the required curing or protection period
and after correcting excessive variations by grinding or cutting has
been completed.

The grooves shall be cut into the hardened concrete, perpendicular
to the centerline, using a mechanical saw device equipped with
diamond blades that will leave grooves 1/8 in. wide and 3/16 in.
+1/16 in. deep (3 mm wide and 5mm * 1.5 mm deep). The
Contractor shall have the option of constructing the grooves at
either a random spacing of 5/8 to 1 1/4 in. (15 to 30 mm) centers
with an average spacing of 7/8 in. (22 mm) or a uniform spacing of
3/4in. (20 mm) centers. The grooving shall be stopped 1 ft
(300 mm) from the faces of curbs or parapets and 2in. = 1in.
(50 mm = 25 mm) from deck drains and expansion joints. If
grooving must be performed as part of stage construction, the
grooving may be deferred until at least two adjacent lanes have
been poured.

The removal of slurry shall be continuous throughout the grooving
operations. The grooving equipment shall be equipped with
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vacuum slurry pickup equipment which shall continuously pick up
water and sawing dust, and pump the slurry to a collection tank.
The slurry shall be disposed of off site according to Article 202.03.

Cleanup shall be continuous throughout the grooving operation. All
grooved areas of the deck shall be flushed with water as soon as
possible to remove any slurry material not collected by the vacuum
pickup. Flushing shall be continued until all surfaces are clean.

Surface Smoothness. All riding surfaces shall be tested for trueness at
the expiration of the required curing or protection period. The entire
surface shall be tested by means of a 16 ft (5 m) straightedge placed
parallel to the grade line and touching the surface. Variations measured
from the face of the straightedge to the surface of the superstructure
shall not exceed 3/16in. (5 mm). Variations greater than 3/16 in.
(5 mm) shall be removed by grinding or cutting. Bushhammering or any
method involving impact shall not be used.

(b) Concrete Superstructures Other Than Decks. Concrete parapets and
railings, and those concrete curbs, sidewalks, and medians not placed
monolithically with the deck shall be placed after the deck has been
completed and the forms removed.

@)

@)

503.17

Curbs, Sidewalks, and Medians. Forms for concrete sidewalks, curbs,
and medians shall be adjusted to correct elevation, camber, and
alignment after the deck or superstructure has been placed. After the
concreting has been completed, they shall be struck off and finished
with floats and trowels.

The edge of curbs, or walks not more than 2 ft (600 mm) in width, shall
be either beveled by the use of 3/4 in. (20 mm) triangular molding at the
top of the face forms or edged with an edging tool. The edge of walks
over 2 ft (600 mm) in width shall be finished with an edging tool.
Transverse construction joints shall not be edged and transverse
grooves shall not be provided.

The top surface of sidewalks shall be finished according to
Article 424.06, except the surface shall not be divided by grooves.

Parapets and Railings. Forms for concrete parapets and railings shall
be held rigidly to line and grade and removed without injury to the
concrete. Special care shall be exercised to secure smooth, tight fitting
forms. All moldings, panel work, and bevel strips shall be straight and
true with neatly mitered joints and all corners in the finished work shall
be true, sharp, and clean cut. Alignment of forms and grade of top
chamfer strips shall be checked immediately after the placing of
concrete in the forms. Rail posts, openings, and panels shall be
constructed with vertical lines, regardless of the grade on which the
railing is constructed.

Curing. Concrete shall be cured according to Article 1020.13.
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503.18 Waterproofing. The surfaces of concrete structures designated on
the plans shall be waterproofed as follows.

(@) Surfaces Below Ground. Surfaces below the ground which are to be
waterproofed shall be given either one coat of asphalt primer and two mop
coats of petroleum asphalt Type I; or two mop coats of asphalt emulsion.

(b) Surfaces Above Ground. Surfaces above the ground line which are to be
waterproofed shall be given one coat of asphalt primer and two mop coats of
petroleum asphalt Type II.

With the approval of the Engineer, spraying will be permitted in lieu of mopping.

The surfaces to be waterproofed shall be smooth and free from projections or
porous places. The surfaces shall be cleaned of dust, dirt, grease, and loose
particles and shall be dry at the time the waterproofing is applied. Petroleum asphalt
shall not be applied until at least seven days have elapsed after placing of the
concrete. Asphalt emulsion may be applied as soon as the forms are removed. No
waterproofing shall be done in wet weather, or if local conditions indicate that rain is
imminent, or when the temperature of the air in the shade is below 50 °F (10 °C),
without the written permission of the Engineer, except as specified for asphalt
emulsion below.

When waterproofing with petroleum asphalt, the primer shall be applied to the
surface of the concrete in a uniform coating and may be applied without heating. The
primer shall be applied at least 24 hours before applying the first mopping of hot
asphalt. The two mop coats shall be heated to a temperature which will permit
uniform application. Asphalt shall not be heated above 350 °F (175 °C). The amount
applied in the two moppings shall be approximately 8 gal/100 sq ft (3 L/sq m) of
finished work. If any imperfections appear in the waterproofing, additional coats will
be required.

When waterproofing with asphalt emulsion, two uniform coats, free from holes or
holidays, shall be applied. The second coat shall be applied as soon as the first coat
has dried. The minimum total quantity applied in the two coats shall be
3 gal/100 sq ft (1 L/sg m). When the temperature of air in the shade is below 45 °F
(7 °C), and the requirements of Article 1020.13(d) have been complied with, asphalt
emulsion waterproofing may be applied down to a temperature of 32 °F (0 °C).
Regardless of the temperature during application the material shall be kept at a
temperature above 50 °F (10 °C). A minimum drying time of 24 hours is required
before backfilling, but no backfiling shall commence until the requirements of
Article 502.10 are met.

503.19 Protective Coat Application. A protective coat shall be applied to the
entire top surface of bridge decks, hubguards, and the top and inside vertical faces of
sidewalk, parapets, end posts, and wings when the concrete is at least 14 days old.
This work shall be performed after saw cut grooving, and before the bridge deck is
marked and opened to traffic.

Before the protective coat is applied, the concrete surface shall have at least a
48-hour drying period since the last rain and shall be cleaned to remove all oil, grime,
and loose particles which would prevent the mixture from penetrating the concrete.
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Immediately prior to application of the protective coat, the surface shall be blown with
oil-free compressed air.

The protective coat shall consist of two applications of the mixture and each
application shall be at a rate of 50 sq yd/gal (11 sq m/L) or less.

The protective coat shall be sprayed on the surface using hand methods or with
a mechanical spraying machine which will perform the work in a satisfactory manner.
The spray nozzle(s) shall be within 18 in. (450 mm) of the concrete or as directed by
the Engineer. The interior of the distributor tank shall be thoroughly cleaned prior to
placing the protective coat therein. Unless otherwise directed by the Engineer, the
temperature of the concrete and air shall be 40 °F (4 °C) or higher at the time of
application.

The second application of the protective coat shall be made when, in the opinion
of the Engineer, the concrete has regained its dry appearance.

Traffic shall be prohibited from the area until the concrete has regained its dry
appearance.

If an application of sand is required by the Engineer for blotter material, it will be
paid for according to Article 109.04.

CAUTION: Linseed oil — petroleum spirits mixture has a low flash point and is
readily flammable.

503.20 Opening Structures to Traffic. Concrete structures shall be opened
to traffic according to Articles 503.05, 503.06, and 1020.13.

503.21 Method of Measurement. This work will be measured for payment as
follows.

(@) Contract Quantities. The requirements for the use of Contract Quantities
shall conform to Article 202.07(a).

(b) Measured Quantities. This work will be measured for payment in place and
the volume computed in cubic yards (cubic meters). The dimensions used
will not exceed those shown on the plans or ordered in writing by the
Engineer. Increased quantities from the omission of forms for footings will
not be measured for payment. Deductions will be made for the volume of
piling, except for steel H pile, encased in the concrete. No deduction will be
made for the volume of concrete displaced by steel reinforcement, drain
holes, floor drains, and expansion joint material. The reduction in quantity of
concrete involved in scoring and chamfers 2 sq in. (1300 sq mm) or less in
cross sectional areas will be neglected in all measurements for payment.

When shown on the plans or ordered in writing by the Engineer, concrete for
seal coats will be measured for payment within the cofferdam sheeting. The
vertical dimension used in computing the volume will be the average
thickness of the seal between the top of the seal not to exceed the elevation
shown on the plans for the bottom of the footing and the bottom of the
excavation, but in no case lower than the elevation shown on the plans for
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the bottom of the seal coat. The horizontal dimensions used will be the
average measurement from center to center of the interlocks of the sheet
piling in opposite walls of the cofferdam, but in no case will these
dimensions be taken as more than 2 ft (600 mm) beyond the neat lines of
the footing in any direction, except that provision may be made for a sump at
one end of the cofferdam if necessary.

Reinforcement bars will be measured for payment according to
Article 508.07.

Bridge deck grooving will be measured for payment in place and the area
computed in square yards (square meters). No deductions will be made for
grooving omissions at deck drains, expansion joints, longitudinal joints, or
lane lines.

Protective coat will be measured for payment in place and the area
computed in square yards (square meters).

Form liner textured surfaces will be measured for payment in place and the
area computed in square feet (square meters).

Joint fillers, water seals, drain holes, floor drains and welded wire fabric
reinforcement, except when specified, will not be measured for payment.

Rubbed finish will be measured for payment in place and the area computed
in square feet (square meters).

503.22 Basis of Payment. This work will be paid for at the contract unit price
per cubic yard (cubic meter) for CONCRETE STRUCTURES and CONCRETE
SUPERSTRUCTURE.

Other cast-in-place concrete for structures will be paid for at the contract unit
price per cubic yard (cubic meter) for CONCRETE HANDRAIL, CLASS MS
CONCRETE, CONCRETE ENCASEMENT, and SEAL COAT CONCRETE.

Reinforcement bars will be paid for according to Article 508.08.

Expansion bolts, when specified, will be paid for according to Article 540.08.

Rubbed finish will be paid for at the contract unit price per square foot (square
meter) for RUBBED FINISH.

Form liner textured surfaces will be paid for at the contract unit price per square
feet (square meter) for FORM LINER TEXTURED SURFACE.

Floor drains, other than frames and grates, will be paid for at the contract unit
price per each for FLOOR DRAINS.

Texturing of bridge decks by saw cut grooving will be paid for at the contract unit
price per square yard (square meter) for BRIDGE DECK GROOVING.
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Protective coat will be paid for at the contract unit price per square yard (square

meter) for PROTECTIVE COAT.

unit

Concrete protected according to Article 1020.13(d) may be paid for at the
adjusted unit prices which will be the following percentages of the contract unit price
for the classes of concrete involved. These adjustments will be made only when they
are authorized in writing by the Engineer. No adjustment will be made in the contract
prices for any concrete if winter work is necessary to meet the required

completion dates specified in the contract.

UNIT PRICE ADJUSTMENTS

Percent
Type of Construction Adjustment
in Unit Price
For concrete in substructures, culverts (having a waterway
opening of more than 10 sq ft (1 sq m)), pump houses, and
retaining walls (except concrete pilings, footings, and seal
coats):
When protected by:
Protection Method Il 115 %
Protection Method | 110 %
For concrete in superstructures:
When protected by:
Protection Method Il 123 %
Protection Method | 115%
For concrete in footings:
When protected by Method |, Il or 11l 107 %
For concrete in slope walls:
When protected by Method | 107 %

SECTION 504. PRECAST CONCRETE STRUCTURES

504.01 Description. This work shall consist of the construction of structures
or portions thereof, with precast concrete or precast, prestressed concrete structural

members.
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504.02 Materials. Materials shall be according to the following.

Iltem Article/Section
(8) Portland Cement CONCIELE ........coeiiiriiiiiiiee it 1020
(b) Reinforcement Bars ...1006.10
(c) Prestressing Steel ......... ...1006.10
(d) Welded Wire FabriC ........cccccooiiiiiiiii et 1006.10
(e) Transverse Tie Rods and Dowel Rods 1006.06
(f)  Nonshrink Grout (NOE 1)......ccuuuieiiieiiiiiiieee et 1024
(g) Epoxy Bonding COMPOUN .........cooiiiiiiiiiiiiiieaes i ea e 1025.01
(h) Precast Concrete ProAUCES .........coooiiiiiiiiiiiiee i 1042
(i) Preformed Bearing Pads .........cccccoeiiiiiiiiieeiiiiee e 1082
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Note 1. Nonshrink grout shall be mixed and placed according to the
manufacturer’s instructions, except the use of aggregate in the nonshrink
grout will not be permitted. Water shall not exceed the minimum amount
required for placement and finishing of the grout.

504.03 Equipment. Equipment shall be according to the following.
Item Article/Section

(@) HaNd VIDrator .......ooooiiiiiiieeiee e 1103.17(a)
(b) Vibrating Screed 1103.17(q)

CONSTRUCTION REQUIREMENTS

504.04 General. This work shall be according to Section 503, and the
following.

504.05 Precast Concrete Members. Tie bolts, anchor dowels, bearing pads,
inserts, nonshrink grout, and other items required for the erection of the units shall be
furnished with the member.

Erection of precast bridge slabs shall commence at the centerline and proceed,
one slab at a time, working out to the curb. As each slab is placed, the transverse tie
bars shall be inserted and secured. Any shifting of the beams must be done while
they are held free of the supports by the hoisting device or crane. The use of a steel
pinch bar will not be permitted.

The abutting edges of each unit shall be carefully cleaned of any concrete or
extraneous matter in order that the slabs can be bolted tightly together.

Care shall be exercised to keep the bearing seat areas free of foreign material
when placing the slabs. After the units have been placed and fastened together and
the end anchor dowels are placed, the longitudinal keyways between the units shall
be filled with nonshrink grout according to Article 504.06(e).

Pile caps shall be carefully lowered into their proper position over the piles and to
the specified elevation. After the units have been placed, the recess holes shall be
filled with nonshrink grout according to Article 504.06(e).

504.06 Precast, Prestressed Concrete Members. Deck beams, |-beams,
Bulb T-beams, and other prestressed concrete structural members shall be fabricated
according to the Department's “Manual for Fabrication of Precast Prestressed
Concrete Products” in effect on the date of invitation for bids.

(@) Damage Inspection. The completed members shall not be placed until they
are inspected for damage at the jobsite by the Engineer. The members shall
be inspected for damage again after placing and before decking begins.

(b) Deck Beam Erection Tolerances. The tolerance for the total width of the
deck shall be the theoretical width plus 1/2 in. (13 mm) per joint. The
maximum distance between beams, measured below the keyway, shall be
3/4in. (20 mm). The deviation from the specified width for the transverse
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joints shall be - 1/4 in. (6 mm) to + 1/2 in. (13 mm) at expansion joints, and 0
to + 1/2 in. (13 mm) at fixed joints.

The beams individually may comply with the dimensional tolerances and still
not place satisfactorily in the structure. Acceptance of the beams, therefore,
will be conditioned upon satisfactory placement.

Handling, Storing and Transporting. The members shall be maintained in
upright position at all times and shall be supported only at the ends. During
lifting, they shall be supported only by the inserts provided for that purpose.
During transportation, the ends of I-beams shall not extend a distance of
more than the depth of the beam and, in no case, more than 3.5 ft (1.1 m)
beyond the bolsters or other supports on the transporting vehicle. The ends
of Bulb T-beams shall not extend more than 6ft (1.8 m) beyond the
supports. The ends of deck beams shall not extend a distance of more than
1 1/2 times their depth, and in no case more than 3 ft (0.9 m), beyond the
supports. Trucks with double bolsters will be permitted, provided that the
beams are fully seated on the outer bolsters and that the inner bolsters are
not more than 8 ft (2.5 m) from the ends of the beams.

Erection. Beams shall be placed on clean bridge seats and tops of bearing
devices. Any shifting of beams shall be done while they are held free of the
supports.

Precast members shall be handled with a suitable hoisting device or crane
provided with a spreader sling of sufficient capacity to handle the members.
The spreader shall be of sufficient length to prevent horizontal forces in the
member due to lifting, and shall be equipped with leads and hooks at each
end. For the purpose of engaging the threaded inserts provided in the
member, the manufacturer shall provide a sufficient number of eye bolts of
proper size.

Before lifting the member, all lifting inserts in each end shall be fully
engaged with the spreader lead hooks. In the event that raising by alternate
lifting and blocking of opposite ends is performed, the lifted end shall not be
rotated unless a proper pivoting device for the opposite end has been
provided.

Erection of deck beams shall begin at the expansion end. During the initial
placement of the beams, every effort shall be made by the Contractor to
achieve optimum match between beams. The Contractor may be required
to shift or interchange interior beams, or pairs of beams on skewed bridges,
to achieve a better fit when directed by the Engineer. As the beams are
placed in their final position, and prior to securing transverse ties and drilling
and grouting dowels, the beams shall be brought to firm even bearing on the
seats through the use of the bearing pads and fabric shims furnished with
the beams, and/or grinding of the concrete seats as required.

After deck beams are properly placed and firm even bearing assured, the
beams, either in pairs for skewed structures or all beams for right angle
structures, shall be secured in lateral position by placing and tightening of
the transverse tie assemblies. Dowels at the fixed ends of the deck beams



(e)

Precast Concrete Structures Art. 504.06

shall be installed and nonshrink grout placed. In addition, the cast-in-place
concrete at the expansion end of the deck beams shall be placed and cured.

In stage construction with deck beams, the first stage shall be constructed
as a complete deck including grouting according to Article 504.06(e) and the
placement of the wearing surface if one is specified. The transverse ties for
the first stage of construction shall not be released during construction of the
next stage. Threaded sleeves shall be used to secure the deck beams to
the previous stage and at no time shall the transverse tie nuts for the
previous stage be loosened or removed.

The next stage of construction shall proceed as specified above, except the
keyway along the stage construction line shall be aligned with clamping
devices. This keyway shall be the last keyway to be grouted.

The Contractor shall furnish all material for the clamping devices, including
sufficient 1/16 in. (2 mm) and 1/8in. (3 mm) steel shims to adjust for
differential elevations between the two deck beams.

The 1 1/4 in. (30 mm) holes for the clamping devices shall be drilled at the
locations shown on the plans. Care shall be taken to drill the holes
perpendicular to the beams. The clamping devices shall be installed and
pulled up tight so that a full, firm bearing is obtained between the clamping
plates and the deck beam concrete.

Grouting. After the erection is completed, the longitudinal keyways between
beams shall be filled with nonshrink grout. The Contractor shall also place
nonshrink grout between the ends of the deck beams at fixed piers and for
the transverse tie assembly pockets. During the curing period, no vehicular
traffic, including the Contractor's equipment, will be permitted on the beams.
Grouting of the keyway at the staged construction line shall be done after
the shear key clamping devices are fully secured. The clamping devices
shall not be loosened or removed until the nonshrink grout has fully cured.
After the clamping devices are removed the drilled holes and unfilled area of
adjacent key shall be flushed out with water and then completely filled with
grout.

The temperature of the grout at time of placement shall be a minimum of
50 °F (10 °C) and a maximum of 90 °F (32 °C).

Surfaces to which the grout is applied shall be wetted a minimum of one
hour before placement of grout. The surface shall be maintained in a
dampened condition during that period. Prior to placement of grout, all
excess water shall be removed and all openings between beam edges at the
base of the longitudinal keyways shall be caulked or sealed with a suitable
compressible material to prevent leakage. Keyways shall be clean and free
of all oil, grease, laitance and other foreign substances.

During placement, the grout shall be worked into the area with a trowel

blade or a pencil vibrator. The surface shall be troweled to a smooth finish.
The nonshrink grout shall be cured with burlap or cotton mats according to
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Article 1020.13 for a minimum of three days. Curing shall commence as
soon as practicable after finishing.

The nonshrink grout for the longitudinal keyways and between the ends of
deck beams at fixed piers will be inspected by the Engineer for cracks.
When deck beams are used as the final driving surface, any cracks 0.007 in.
(0.2 mm) or wider shall be sealed according to Section 590.

If cracks propagate along the keyway from the ends of beams, it could
indicate one or more beams are not firmly seated. Prior to sealing, the
Contractor shall check for beam wobble and shim any beams not firmly
seated.

504.07 Method of Measurement. This work will be measured for payment as

@

(b)

Contract Quantities. The requirements for the use of Contract Quantities
shall conform to Article 202.07(a).

Measured Quantities. Precast concrete bridge slabs and precast,
prestressed concrete deck beams will be measured by the square foot
(square meter) of horizontal surface area of the individual slabs or beams,
as shown on the plans. In determining the total number of square feet
(square meters) to be paid for, the overall horizontal surface area of all the
slabs or beams specified will be used.

Precast, prestressed concrete |-beams, or Bulb T-beams will be measured
by the foot (meter). In determining the total length of beams to be paid for,
the specified overall length of the individual beams will be used.

Precast concrete pile caps will be measured for payment in place as each
precast concrete cap.

504.08 Basis of Payment. This work will be paid for at the contract unit price
per square foot (square meter) for PRECAST CONCRETE BRIDGE SLAB and
PRECAST, PRESTRESSED CONCRETE DECK BEAMS, of the depth specified, or
per foot (meter) for FURNISHING AND ERECTING PRECAST PRESTRESSED
CONCRETE I|-BEAMS, of the depth specified, or FURNISHING AND ERECTING
PRECAST PRESTRESSED CONCRETE BULB T-BEAMS, of the depth specified.

Precast concrete pile caps will be paid for at the contract unit price per each for
PRECAST CONCRETE CAPS.
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SECTION 505. STEEL STRUCTURES

505.01 Description. This work shall consist of furnishing, erecting, and
painting steel structures or portions thereof.

505.02 Materials. Materials shall be according to the following.

Item Article/Section
() Structural STEI ....cooieeeiiee e 1006.04
(b) Turned and Ribbed Bolts 1006.07
(c) High-Strength Steel Bolts, Nuts and Washers ............ccccococeeeenn. 1006.08(a)

(d) Anchor Bolts and ROAS .........ccuuuiiiiiieiiiieiee e 1006.09

(€) Steel FOrgings .....eeeeeiiiiiieiiiiie et 1006.12
(f) Gray Iron Castings .... ...1006.14
(g) Malleable CaStiNgS .......cceieiiiiiiiiiiieee e 1006.16
(h) Paint Materials and Mixed Paints 1008.01, 1008.02
(i) Stud Shear CONNECIOIS ......ocouiiiiiiie et 1006.32

Materials for structures that will carry railroad traffic shall satisfy AREMA
Specifications.

505.03 Drawings. Before steel fabrication begins, the Contractor shall submit
duplicate prints of shop drawings to the Engineer for review and preliminary approval.
These drawings shall be on 11 x 17 in. (275 x 425 mm) sheets. Each sheet shall
provide adequate space for review and approval stamps at the lower right corner, and
both lettering and details must insure legibility for review and reproduction after
microfilming. Each drawing shall be completely titled according to the contract plans,
including structure number, state contract nhumber, route, section, and county, and
shall pertain to only one structure. If the submitted shop drawings have significant
discrepancies, revised sets must be submitted until details comply with the contract
requirements. After all review comments have been addressed and preliminary
approval is given, the Contractor shall furnish six or more prints of the drawings as
directed by the Engineer, and these shall be distributed and become a part of the
contract. Changes to previously approved shop drawings shall be subject to the
approval of the Engineer, and the Engineer shall be supplied with a record of all such
changes.

After the Engineer’s preliminary approval and prior to distribution, prints of shop
drawings for structures that will carry railroad traffic shall also be submitted for the
approval of the Railroad Engineer. Upon request, the Contractor shall also furnish full
size reproducibles, 22 x 34 in. (550 x 850 mm), including margins. The margin at the
left end shall be 11/2in. (40 mm) and the others 1/2in. (13 mm) wide. These
reproducibles shall become the property of, and shall be delivered to, the Railroad
upon completion of the contract.

During the preparation of shop drawings, the Contractor shall check all general
dimensions of the steel work and shall report any discrepancies discovered to the
Engineer for revision and correction before fabrication is begun. Allowance will be
made to the Contractor for additional material fabricated to correct reported contract
plan errors.
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505.04 Fabrication. Structural steel shall be fabricated and stored according
to the following requirements, except for structures carrying railroad traffic. The
AREMA Specifications shall govern fabrication of structures carrying railroad traffic,
except the requirements of this section shall govern when they are more demanding.
Fabrication shall be performed by structural steel fabricators meeting the certification
requirements of Article 106.08.

@)
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Workmanship and Finish. The workmanship and finish shall satisfy
applicable Specification and Code requirements.

Storage of Materials. Structural material, either plain or fabricated, shall be
stored above the ground upon platforms, skids, or other supports. It shall be
kept free from dirt, grease, or other foreign matter, and shall be protected as
far as practicable from corrosion.

Straightening or Curving Material. Straightening shall be done by methods
which will not injure the metal. Sharp kinks and bends may be cause for
rejection of the material. Heat straightening of AASHTO M 270 Grade 100
and 100W material shall be done only when approved by the Engineer and
then only under rigidly controlled procedures.

The Contractor may fabricate curved welded girders by cutting the flanges to
the required curvature prior to welding the web. Curved welded girders or
rolled beams may be fabricated as a straight unit, and through the
application of heat to induce the required curvature. Heat-curving will not be
permitted on beams or girders fabricated of AASHTO M 270
Grade HPS 485W (HPS 70W) or 690 & 690W (100 and 100W) steels. Cold
bending of beams or girders to the required curvature will be permitted
provided the proposed detailed procedures receive the Engineer’s approval
and the finished member approximates a smooth curve without kinks or
twist. When beams or girders are to be heat curved, the Contractor shall
satisfy the following requirements.

(1) Type of Heating. Beams or girders may be curved by either continuous
or V-type heating. For both types of heating, the flange areas to be
heated are those that will be on the inside of the horizontal curve after
cooling. Heating both inside and outside flange surfaces is mandatory
when the flange thickness is 1 1/4 in. (30 mm) or greater, and the two
surfaces shall be heated concurrently. The heating shall progress along
the top and bottom flange at approximately the same rate. Heating
shall be performed using multiorfice (rosebud) heating torches
manipulated to avoid overheating. Torches shall use air-propane or air-
natural gas unless other methods are approved by the Engineer for the
specific girder configuration.

For the continuous method, strips centered approximately 2 in. (50 mm)
inside the edge of the top and bottom flanges shall be heated
simultaneously. The strips shall be of sufficient width and temperature
to obtain the required curvature.

For the V-type heating, the top and bottom flanges shall be heated in
truncated triangular areas spaced at regular intervals along each flange.
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The heat patterns applied to the inside flange surface shall terminate
just before reaching the juncture of the web and the flange. For
curvature radii greater than 1000 ft (300 m), heating patterns on the
outside flange surfaces shall have their apex coincide with the plane of
the web centerline, and for smaller radii, the outside patterns shall
extend past the web centerline a distance of 1/8 of the flange width or
3in. (75 mm), whichever is less.

Beginning at the truncated end of each heating pattern, heating shall
progress toward the base of the pattern, spreading with an included
angle of 15 to 30 degrees. The base of the pattern shall not exceed
10 in. (250 mm) regardless of flange width and thickness. The heating
torch progresses toward the base of the heating pattern after the
truncated end of the truncated pattern reaches the specified
temperature. Once heating begins to progress towards the base at the
pattern, the heating torch(es) shall not be returned to the apex of the
heating triangle. Heat pattern spacing and size shall be as required to
obtain the required curvature.

The maximum temperature shall be prescribed below. If chording or
twisting occurs in the member that is unsatisfactory to the Engineer, the
Contractor shall correct the situation using Engineer-approved methods
to obtain acceptable results.

Temperature Control. Heat curving shall be conducted so that the
internal temperature of the steel does not exceed 1150 °F (620 °C).
“Internal steel temperature” shall be represented by the surface
temperature approximately five seconds after passage of the torch.
Heating shall be confined to the planned patterns or areas, and shall
bring the steel within the pattern to the desired temperature as rapidly
as possible without overheating. The temperature range shall be
documented, based on frequent monitoring with appropriate
temperature indicating crayons or other calibrated equipment during the
heating and cooling of the member. Any procedure which causes the
internal steel temperature to exceed 1150 °F (620 °C) will be considered
destructive heating and be cause for rejection of the member. Steel
rejected for overheating may be investigated for reacceptance or repair
by tests acceptable to the Engineer. The costs of such tests shall be
borne by the Contractor.

After completing a planned set of heat patterns along the member’s
length, additional heat shall not be applied until the entire member has
cooled below 160°F (70°C) and the net displacement has been
verified. Accelerated cooling with water or water mist will not be
permitted. Cooling with dry compressed air will be permitted after the
steel has cooled to 600 °F (315 °C).

Position for Heating. Members may be heat-curved with the web either
vertical or horizontal. When curved in the web-vertical position, the
member shall be braced or supported so that the lateral deflection will
not cause instability. When curved in the web horizontal position, the
member shall be supported near its ends and have limiting blocks at
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intermediate points as to obtain the desired curvature. Restraints or
preloads may be used to facilitate heat-induced steel movements, but
additional external loads shall not be applied to heated steel. Preloads,
including the member’s self-weight, shall not cause stresses exceeding
50 percent of the material’'s nominal yield at ambient temperature.

(4) Sequence of Operations. Members shall be heat-curved before they
are painted. The heat curving may be conducted either before or after
transverse intermediate stiffeners are installed. Unless provisions are
made for girder shrinkage, connection and bearing plates shall be
located and attached after heat-curving. If longitudinal stiffeners or
cover plates are required, they shall be curved separately and then
welded to the previously curved girder.

Girders shall be fabricated to specified cambers by cutting web plates to
the required geometries before attaching flanges. Heating may be used
for small camber corrections if the method and points of application are
approved by the Engineer. The prescribed camber shall be obtained
before heat-curving and the Contractor shall make allowance for any
anticipated losses during fabrication. Rolled shapes shall not be shop
cambered, unless otherwise specified. If the contract requires
cambering rolled shapes or if straightening as received material is
necessary, proposed procedures must be submitted for the Engineer’'s
approval.

Horizontal curvature and vertical camber will not be measured for final
acceptance until all heating and welding operations are completed and
the flanges have cooled to a uniform temperature. Horizontal curvature
will be checked with the beam or girder in upright position. For beams
or girders curved after reaming or drilling field splices, at least
20 percent of the girder or beam lines shall be check assembled after
curving to verify final geometry. If problems are discovered, additional
lines shall be checked until the Engineer is satisfied that the problems
have been corrected.

(d) Fastener Holes. All fastener holes shall be either punched or drilled. In all

cases hereafter, drilling may be substituted for punching of full-size holes;
subdrilling may be substituted for subpunching; and holes may be drilled in
assembly (“from the solid”) instead of being subpunched or subdrilled and
reamed. Drilling in assembly shall be done with the material in the same
configuration required for reaming. Holes punched or drilled full-size shall
be 1/16in. (2 mm) larger than the nominal diameter of the fasteners.
Subpunched holes for fastener diameters greater than 5/8 in. (16 mm) shall
be 3/16 in. (5 mm) smaller than the nominal diameter of the fasteners and
for smaller fasteners, the holes shall be subpunched to the fastener’s
nominal diameter. Subpunched or subdrilled holes shall be reamed to
1/16 in. (2 mm) larger than the nominal diameter of the fasteners.

Holes in carbon steel thicker than 3/4 in. (20 mm) or alloy steel thicker than
5/8 in. (16 mm) shall be drilled or subdrilled and reamed. Punching or
subpunching shall not be permitted.



Steel Structures Art. 505.04

Where reaming is not required, holes in carbon steel up to 3/4 in. (20 mm)
thick or in alloy steel up to 5/8 in. (16 mm) thick may be punched to their
final specified size.

Holes for field connections of beams, girders, main truss or arch
connections, skewed portals, and rigid frames carrying design loads shall be
subpunched and reamed with the members assembled in the shop and
supported against deadload deflection.

The accuracy of the assembly, including camber, alignment of subpunched
holes, and finished-to-bear joints shall be approved by the Engineer before
reaming is commenced.

Holes may be punched or drilled to their final specified size for field
connections of secondary items including: lateral bracing for girders, truss
cords, and arch ribs; hanger supports for laterals and utilities; portal and
sway bracing; and cross frames or diaphragms that do not require reamed
holes. All holes for end field connections of floor beams shall be
subpunched or subdriled and then reamed to a template, and all
corresponding holes in the members to which they connect shall be reamed
to the same template, or these connections may be reamed with the
members assembled. Stringer connections to floor beams may have holes
punched or drilled to their final specified size. Reaming templates shall have
hardened steel bushings and reference lines inscribed to locate the template
on the members.

Computer-numerically-controlled (CNC) equipment may be used to produce
full-sized holes in components otherwise requiring reamed, sub-sized holes,
subject to the Engineer’'s approval and the demonstrated accuracy of the
CNC system. Accuracy must be verified by periodic check assemblies of
components, and the Contractor’'s quality control plan for the system must
be acceptable to the Engineer. Errors detected by check assemblies will
require additional assemblies to define the extent of problems and
subsequent CNC work may be restricted or prohibited until system
corrections are accepted by the Engineer.

(1) Punched Holes. The diameter of the die shall not exceed the diameter
of the punch by more than 1/16 in. (2 mm). Holes shall be cleanly cut,
without torn or ragged edges.

(2) Accuracy of Unreamed Holes. All subdrilled or subpunched holes shall
be so accurate that after steel is assembled and before reaming, a
cylindrical pin 1/8 in. (3 mm) smaller in diameter than the punched hole
may be inserted perpendicular to the face of the member, without
drifting, through at least 75 percent of the holes in the connection or the
pieces will be rejected. Holes punched or drilled to their final specified
size without assembly shall be so accurate that fasteners may be
installed without reaming or additional drilling.

(3) Reamed or Drilled Holes. Reaming and drilling shall be perpendicular
to the faying (contact) surface of the connection. Drilling shall be done
with twist drills and reaming with fluted or adjustable reamers. Where

321



Art. 505.04

322

4)

®)

Steel Structures

practical, reaming shall be directed by mechanical means, and done
after all the components are assembled and firmly secured. Unless
otherwise approved by the Engineer, assembled parts shall be taken
apart for removal of cutting oil, shavings, and burrs caused by drilling
and reaming.

Accuracy of Reamed and Drilled Holes. Where full-size holes are
reamed, drilled from the solid, or made by CNC equipment, 85 percent
of the holes in any group shall show no offset greater than 1/32 in.
(1 mm) between adjacent thickness of metal.

The Contractor shall be responsible for the accuracy of all holes,
regardless of tolerance in dimensions of rolled sections or fabricated
members. If the required accuracy cannot be obtained otherwise, holes
shall be drilled with the members assembled.

(e) Connections. All shop and field connections of structural elements shall be
bolted using high-strength steel bolts.

(f) Bolts and Bolted Connections. Bolts and connections shall be as follows.

@)

@)

Turned Bolts. Turned bolts shall have a finishing cut. Holes for turned
bolts shall be reamed or drilled 1/32 in. (1 mm) larger in diameter than
the bolt. The threads of each turned bolt shall be entirely outside the
grip of the metal. A washer 1/4 in. (6 mm) thick shall be used under
each nut.

High-Strength Steel Bolts. Bolted parts shall fit solidly together when
assembled. Contact surfaces, including those adjacent to bolt heads,
nuts, or washers, shall be free of all mill scale, dirt, burrs, and other
defects that would prevent solid seating of all parts. Methods of
installation and tightening shall be according to the “Specification for
Structural Joints Using ASTM A 325 (A 325M) or A 490 (A 490M) Bolts”,
for slip-critical connections as issued by the Research Council on
Structural Connections Joints of the Engineering Foundation, except as
follows.

To insure solid seating of all parts of a slip-critical connection, no visible
gap shall remain between the faying surfaces when all bolts are
tightened to the snug tight condition, producing a bolt tension of
approximately 10,000 Ib (45 kN). All high-strength bolts shall have a
hardened washer under the element (nut or bolt head) turned in
tightening, regardless of the method used in tightening.

Inspection will be according to the requirements of the latest issue of
the “Specifications for Structural Joints using ASTM A 325 (A 325M) or
A 490 (A 490M) Bolts” for slip-critical connections. The Contractor shall
provide a calibration device capable of indicating bolt tension. The
calibration device shall be capable of testing the shortest bolt length
encountered on the structure down to the following minimum lengths.
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Bolt Diameter Minimum Length

5/8 and 3/4 in. (M16 and M20) 2in. (50 mm)
7/8 in. (M22) 2.25in. (60 mm)

1in. (M26) 2.51in. (65 mm)

The following fastening systems and installation methods will be
allowed as options for all high-strength bolted connections: load
indicating washer system, twist-off type fastener system, lock-pin and
collar type fastener system, and turn-of-the-nut method. The Calibrated
Wrench method will not be permitted.

The Contractor shall furnish a calibrated dial inspection torque wrench
for use by the Engineer.

In addition to the field Rotation Capacity tests required in
Article 505.04(f)(3)g.1., prior to its actual installation, a representative
sample of not less than three fasteners of each diameter, length, and
grade will be tested at the job site in the calibration device for approval.
This field test will be performed according to the Procedure for
Installation and Tightening for the particular fastening system as set
forth in the Department’s Construction Manual. Each powered tool to
be used in the actual field installation will be used for at least one of the
samples tested. Each worker who is to perform actual field installation
will be required to perform and pass at least one of the sample tests,
using the same equipment and methods that will be used for the actual
field installation. Any worker who undertightens or overtightens the
fastener during the test will not be allowed to perform actual field
installation unless they perform a successful retest. If any fastener fails
to meet the required minimum tension, the lot it was taken from will be
rejected.

After all erection pins are removed, the fasteners in all holes of the
connection shall be initially brought to a snug tight condition,
approximately 10,000 Ib (45 kN), progressing systematically from the
most rigid part of the connection to the free edges in a manner
minimizing relaxation of previously tightened fasteners. When testing
for acceptance, the torque corresponding to the snug tight condition
may be verified on the calibration device prior to failure.

After all fasteners in the connection are snug tight, they shall be fully
tightened progressing systematically from the center most rigid part of
the connection to its free edges.

For the twist-off or lock-pin and collar type fastener systems, the
fractured end of the fastener, where the splined or pintailed end broke
away, shall be cleaned with a wire brush or power tool prior to painting.
After cleaning, the exposed end shall be given one coat of an approved
high-build aluminum epoxy mastic and then painted with the paint
specified for field painting the structure. The minimum dry film
thickness of the aluminum epoxy mastic coating shall be 5.0 mils
(125 microns).
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The fastening systems shall meet the following requirements.

a.

Load Indicating Washer System. The direct tension indicator shall
be according to ASTM F 959, except the average gap for giving the
required minimum bolt tension shall be 0.005 in. (125 micron) for
galvanized bolts.

1.

Testing. The calibration device shall have an adapter for
checking the direct tension indicator when placed under the
bolt head. The bolts shall be assembled with the direct tension
indicator as they are to be installed in the field, including
lubrication. Both the turn required by the impact wrench and
the tension in Ib (kN) shall be determined at snug tight, 0.015
and 0.005 in. (380 and 125 micron) gaps. This calibration test
shall demonstrate that each bolt develops a tension not less
than five percent greater than the tension required when the
direct tension indicator average gap is 0.005 in. (125 micron).
Average gap shall be measured according to Table 4 of
ASTM F 959. If the bolt does not develop the minimum
required tension at 0.005 in. (125 micron) gap with the direct
tension indicator, the lot represented by the direct tension
indicator will be rejected.

Installation. The galvanized direct tension indicator shall be
assembled under the bolt head with the protrusions bearing
against the underside of the bolt head and shall not be placed
under the element turned for tightening. A galvanized
hardened washer shall be provided under the nut. For plain
finished bolts the direct tension indicator may be placed under
either the bolt head or the nut. A hardened washer shall be
used between the direct tension indicator and the turned
element with the protrusions bearing against the hardened
washer.

The Engineer will check the gap with gap gauges. The
Contractor shall supply a sufficient number of 0.001, 0.005 and
0.015in. (25, 125 and 380 micron) gauges for inspection
purposes.

Torque wrenches shall only be used as needed for verification
purposes. Overtightening may produce total zero gaps. Total
zero gap occurs when a 0.001in. (25 micron) feeler gauge
cannot enter any gap in the direct indicating washer. No more
than ten percent of the bolts with total zero gap in any one
connection will be allowed. If the number of total zero gap
bolts exceeds ten percent of the bolts in the connection, a
sufficient number of these bolts shall be removed and replaced
to bring the percent within the ten percent allowed. No more
than ten percent of the galvanized bolts will be allowed per
connection with gaps between 0.005 and 0.015in. (125 and
380 micron) or over 0.015 in. (380 micron) for plain finish bolts.
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If there are more than ten percent of these bolts per
connection, additional tightening will be required to reduce the
number of excessive gaps to less than ten percent of the total
number of bolts. The Engineer will check 100 percent of the
gaps of the first two connections with feeler gauges for each
bolting crew. Testing at 100 percent will continue if the bolt
tightening does not meet the above requirements. Once the
above bolting requirements are met, a minimum of 20 percent
but not less than ten bolts of each connection, and only one
bolt of each cross frame or diaphragm connection will be
tested with feeler gauges. The remainder of the bolts will be
visually inspected. If ten percent of this sampling is total zero
gap or ten percent greater than 0.005 in. (125 micron) gap, the
entire connection will be tested.

Twist-Off Type Fastener System. This method of joint assembly
and tightening of connections shall be achieved by the use of a
twist-off type fastener system meeting the requirements of section
2(d) of the “Specifications for Structural Joints using ASTM A 325
(A 325M) or A 490 (A 490M) Bolts”. The twist-off bolts shall consist
of a threaded bolt with a splined end extension that shears off at a
given torque.

Lock-Pin and Collar Type Fastener System. This method of joint
assembly and tightening of connections shall be achieved by the
use of a lock-pin and collar type fastener system meeting the
requirements of section 2(d) of the “Specifications for Structural
Joints using ASTM A 325 (A 325M) or A 490 (A 490M) Bolts”. The
lock-pin shall be round headed with a pintail that yields at a given
load, and the collars shall be of the flanged type and equipped with
tablocks to prevent slipping during installation.

A galvanized hardened washer according to AASHTO M 293 may
be used under the bolt head for joint thickness adjustment,
provided the installed fastener conforms to the maximum
permissible dimensions “A” and “B” from inspection charts provided
by the supplier. Loose or relaxed fasteners shall be removed and
replaced with new fasteners. Each fastener will be visually
inspected according to the inspection charts provided by the
supplier.

The “A” dimension from inspection charts provided by the supplier
may be increased to 1/8 in. (3 mm) and still meet all published
values, provided there is no requirement to meet ASTM
specifications pertaining to locking grooves (threads) in the shear
plane.

A properly installed high-tensile fastener shall possess the
dimensional characteristics from inspection charts provided by the
supplier. Should the dimensions “A” or “B” exceed the indicated
values, the fastener is being used out-of-grip. A “C” dimension of
less than the values specified is an indication of incomplete swage.
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A “D” dimension exceeding the tabulated values is an indication of
an incorrect or worn anvil on the installation tool. Fasteners falling
outside of these ranges shall be removed and replaced.

Turn-of-the-Nut Method. This method of joint assembly shall be
according to Section 8(d)(1) of the “Specifications for Structural
Joints using ASTM A 325 (A 325M) or A 490 (A 490M) Bolts”,
except as follows.

1. Installation. After all bolts in a connection are brought to a
“snug tight” condition, the outer face of the nut, the turning
element shall be match-marked with the protruding portion of
the bolt to visually determine the relative rotation occurring
between the bolt and the nut during the process of final
tightening. If the element to be turned is the bolt head, it shall
be match-marked with the plate. The wrench operator shall
make marks with a permanent ink type marker or other
approved means.

For connections with individual plates 1in. (25 mm) and
thicker, a minimum of two cycles of systematic snug tightening
will be required to minimize relaxation of previously tightened
fasteners prior to final tightening.

2. Inspection. Bolts tightened by the Turn-of-the Nut Method may
be accepted by the Engineer on the basis of a visual
inspection of the match-marks on the bolts.

(3) Rotational Capacity tests for High-Strength Steel Bolts. Rotational
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Capacity tests are required for the Turn-of-the-Nut Method, Load
Indicating washer, and Twist-Off type fastener Systems.

Manufacturing. Hardness for bolt diameters 1/2 in. to 1 in. (M16 to
M36) inclusive shall be as follows.

Bolt Size Hardness Number
(Inclusive) Brinell Rockwell C
Min. Max. Min. Max.
1/2to 1in. 248 311 24 33
Vickers Rockwell
Min. Max. Min. Max.
M16 to M36 255 336 C23 C34

Testing. For galvanized washers, hardness testing shall be
performed after galvanizing. The coating shall be removed prior to
taking hardness measurements.

Rotational-capacity tests shall be required and will be performed on
all black or galvanized (after galvanizing) bolt, nut, and washer
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assemblies by the manufacturer or distributor, and the following
requirements shall be met prior to shipping.

1. The rotational-capacity test shall be performed according to
AASHTO M 164 (M 164M).

2. Each combination of bolt production lot, nut lot, and washer lot
shall be tested as an assembly.

3. A rotational-capacity lot number shall be assigned to each
combination of lots tested.

4. The minimum frequency of testing shall be two assemblies per
rotational-capacity lot.

5. The bolt, nut, and washer assembly shall be assembled in a
Skidmore-Wilhelm Calibrator or an acceptable equivalent
device.

Bolts too short to test in a tension calibrating device shall be
tested in a steel joint. The tension requirement specified in
Article 505.04(f)(3)b.7. need not apply. The maximum torque
requirement specified in Article 505.04(f)(3)b.8. shall be
computed using a value of P equal to the turn test tension
shown in the table in Article 505.04(f)(3)b.7.

6. The minimum rotation, from an initially tightened condition (ten |
percent of the installation tension), shall be as follows.

Bolt Length Minimum Rotation
< 4 bolt diameters 240° (2/3 turn)
>4 and < 8 bolt diameters 360° (1 turn)
> 8 bolt diameters 480° (1 1/3 turn)

7. The tension reached at the above rotation shall be equal to or
greater than 1.15 times the required installation tension. The
installation tension and the tension for the turn test for
ASTM A 325 (A 325M) bolts shall be as follows.

Diameter (in.) | 1/2 | 5/8 | 3/4 | 7/8 | 1 |11/8(11/4|13/8(11/2

Installation

Tension (kips) | 12 | 19 | 28 | 39 |51| 56 | 71 | 85 | 104

Turn Test

Tension (kips) 14 | 22 | 32 | 45 (59| 64 82 98 | 120

Diameter (mm) 16 | 20 22 24 27 30 36
'(ESNt)"""at'on Tension 1 o4 | 147 | 182 | 212 | 275 | 337 | 490
(TkL:\rI;' Test Tension 108 | 169 | 209 | 244 | 316 | 388 | 564
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8. After the required installation tension listed above has been
exceeded, one reading of tension and torque shall be taken
and recorded. The torque value shall conform to the following.
Torque shall be less than or equal to 0.25 PD.

Where: Torque = measured torque ft Ib (kN m)
P = measured bolt tension Ib (kN)
D = bolt diameter ft (m)

Reporting. Reporting of tests shall be as follows.

1. The results of all tests specified including zinc coating
thickness and the appropriate AASHTO tests shall be
documented.

2. Location where tests are performed and data of tests shall be
documented.

Witnessing. The tests need not be witnessed by an inspection
agency. The manufacturer or distributor that performs the tests
shall certify the results recorded as accurate.

Documentation. Documentation of tests shall be as follows.

1. Mill Test Report(s) (MTR).

(&) MTR shall be furnished for all mill steel used in the
manufacture of bolts, nuts, or washers.

(b.) MTR shall indicate where the material was melted and
manufactured.

2. Manufacturer Certified Test Report(s) (MCTR).

(a.) The manufacturer of the bolts, nuts, and washers shall
furnish MCTR for the item furnished.

(b.) Each MCTR shall show the relevant information according
to the reporting of the testing required.

(c.) The manufacturer performing the rotational-capacity test
shall include on the MCTR the following information.

(1.) The lot number of each of the items tested.

(2.) The rotational-capacity lot number according to
Article 505.04(f)(3)b.3.

(3.) The results of the tests required in
Article 505.04(f)(3)b.
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(4.) The information required in Article 505.04(f)(3)c.

(5.) A statement that MCTR for the items are according to
this specification and the appropriate AASHTO
specifications.

(6.) The location where the bolt assembly components
were manufactured.

Distributor Certified Test Report(s) (DCTR). The DCTR shall
include the following.

(a.) Include MCTR above for the various bolt assembly
components.

(b.) Include rotational-capacity tests by either the
manufacturer or the distributor.

(c.) Show the results of the tests required in
Article 505.04(f)(3)b.

(d.) Show the pertinent information required in
Article 505.04(f)(3)c.

(e.) Show the rotational-capacity lot number as required in
Article 505.04(f)(3)b.3.

(f.) Shall certify that the MCTR are in conformance to this
specification and the appropriate AASHTO specifications.

f.  Shipping. Shipping shall be as follows.

1.

Bolts, nuts, and washers from each rotational-capacity lot shall
be shipped in the same container. When there is only one
production lot number for each size of nut and washer, the
nuts and washers may be shipped in separate containers.
Each container shall be permanently marked with the
rotational-capacity lot number such that identification will be
possible at any stage prior to installation. The rotational-
capacity lot number shall be placed on both the container itself
and the lid.

The appropriate MTR, MCTR, or DCTR shall be supplied to
the Engineer.

g. Installation. The following requirements for installation shall apply
prior to the installation of high-strength bolts.

1.

The rotational-capacity test described in Article 505.04(f)(3)b.
above shall be performed on each rotational-capacity lot at
each job site prior to the start of bolt installation. If any bolt
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fails to meet the required minimum tension, the lot from which
it was taken will be rejected.

2. Lubrication.

(a.) Galvanized nuts shall be checked to verify that a visible
lubricant is on the threads.

(b.) Black bolts shall be “oily” to the touch when delivered and
installed.

(c.) Slightly weathered or lightly rusted bolts or nuts that fail to
meet the above requirements shall be cleaned and
relubricated prior to testing. Recleaned or relubricated
bolt, nut, and washer assemblies shall be retested
according to the rotational-capacity test, prior to final
installation.

3. Bolt, nut, and washer combinations as installed shall be from
the same rotational-capacity lot.

Shop Assembling. Flange splice plates shall be fabricated with the primary
rolling direction parallel to the member’s longitudinal centerline. Web splice
plates, connecting plates, gusset plates, and stiffeners may have their
primary rolling direction in either direction. Parts of a member shall be
assembled, well pinned and/or firmly drawn together with bolts before
reaming or tightening of fasteners is commenced. The member shall be free
from twists, bends, and other deformations that would prevent the solid
seating required under Article 505.04(f)(2). A 1/8in. (3 mm) or greater
difference in plate thickness or member depths across a bolted splice shall
be rectified with shims included during reaming, match marked, and shipped
with member.

Parts not completely fastened in the shop shall be secured insofar as
practicable to prevent damage in shipment and handling. Members
assembled in the shop for reaming of field connections shall remain
assembled until shop inspection by the Department has been made.

Fitting-up and shipping bolts, templates, jigs, shipping or shop assembly
braces, and other items provided by the shop for fabrication or shipping but
not incorporated in the final structure are considered incidental to the
fabrication of the steel and will not be paid for as structural steel.

Drifting of Holes. The drifting done during shop assembly shall bring parts
into position, but shall neither enlarge the full-size holes nor induce
permanent distortion in any portions of the final structure.

Match Making. All parts of connections reamed or drilled in assembly shall
be individually match marked while assembled and a diagram showing such
marks shall be included in the shop detail drawings. Individually match
marked items shall not be interchanged.
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Stamping of Members for Identification. Any metal die stamping of steel
members shall be done using low or mini-stress dies. Letters and numbers
shall be 3/8 or 1/2 in. (10 or 13 mm) tall. When used, the dies shall be lightly
struck to produce an impression that can be clearly seen in the absence of
paint and mill scale.

Thermal Cutting. Structural steel or wrought iron may be thermally cut,
provided that a smooth, accurate profile, free from cracks and notches, is
obtained by the use of a mechanical guide. Hand cutting of material
remaining in the final structure shall be done only where approved by the
Engineer, and shall be followed by grinding.

Reentrant cuts shall have a radius of not less than 3/4 in. (20 mm) and be
finished to an ANSI surface roughness not exceeding 500 L in. (13 pm).

Surface roughness exceeding the applicable limits of Article 505.04(1)(2) or
the BWC and gouges not more than 3/16 in. (5 mm) deep on thermal cut
edges (TCEs) shall be removed by machining or grinding and be faired to
the surface with a slope of 1 to 10 or less. Material surface defects and
gouges due to thermal cutting or handling damage that are more than
3/16in. (5 mm) deep may be repaired according to the BWC using a
procedure approved by the Engineer for the material type and thickness
involved. The completed weld shall be ground to match the adjacent
surface and nondestructively inspected by magnetic particle or ultrasonic
testing, as approved by the Engineer.

Finishing.

(1) Edge Planing. Sheared edges of material more than 5/8 in. (16 mm)
thick and carrying calculated stress shall be planed to a depth of 1/4 in.
(6 mm). Sheared edges of material up to 5/8 in. (16 mm) thick which
carry calculated stress shall be planed to a depth of not less than 1/8 in.
(3 mm) unless enclosed by welds. Sheared edges of material not
carrying calculated stress and exposed after fabrication shall be ground
or planed to remove evidence of tearing and sharp corners.

(2) Facing of Bearing Surfaces. The top and bottom surfaces of steel
pedestals, bolsters, column cap and base plates, and masonry (base)
plates shall be planed or otherwise finished as necessary to be within
1/16 in. (2 mm) of planar. Cast pedestals shall be planed on surfaces
that are to be in contact with steel and shall be finished to a maximum
of ANSI roughness not exceeding 2000 p in. (50 pm) on surfaces in
contact with masonry, leveling plates, or pads.

The surface finish of bearing and base plates and other bearing

surfaces that come in contact shall meet the following requirements as
defined in ANSI B 46.1, Surface Roughness, Waviness and Lay, Part 1.
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Steel slabs ANSI 2000 p in. 50 pm
Heavy plates in contact in
shoes to be welded ANSI 1000 p in. 25 um

Milled or faced ends of
compression members,
milled or ground ends of

stiffeners ANSI 500 p in. 13 uym
Bridge rollers and rockers | ANSI 250 p in. 6 um
Pin holes ANSI 125 pin. 3 um
Sliding self-lubricating

bearings ANSI 125 pin. 3um

Bronze or copper-alloy bearing plates shall be self-lubricated by special
graphited and metallic inserts. The manufacturer's proposed materials
and methods for producing the bearing plate shall meet with the
approval of the Engineer.

Abutting Joints. Abutting joints in compression members shall be faced
and brought into uniform bearing, with no gaps exceeding 1/32 in.
(1 mm), before welding or producing full-size holes during shop
assembly. Abutting joints in tension members and at beam or girder
splices need not be faced but the clearance within field bolted
connections shall be from 1/16 to 1/4 in. (2 to 6 mm).

End Connection Angles. End connection angles of floor beams and
stringers shall be coplanar and positioned for the length of the member
with such accuracy that milling to the exact member length will not
reduce their thickness by more than 1/8 in. (3 mm).

Corner Grinding. All outside corners remaining after shop fabrication
shall be free of abrupt irregularities and dull to the touch. Fins, burrs,
cutting slag, significant deformities, gouges, sharpness (corner more
acute than 1/32in. (1 mm)) radius, and other hazards to handling or
impediments to proper coating application and performance shall be
corrected by grinding and/or other Engineer-approved methods. When
painting is required, it shall be done according to Section 506.

Fit of Stiffeners. For bolted construction, end stiffener angles of girders
and stiffener angles intended as supports for concentrated loads shall
be milled or ground to secure an even bearing against the flange angles
or beam flanges with no gaps exceeding 1/32 in. (1 mm).

For welded construction, bearing stiffeners shall be milled or ground to
bear at the bearing ends and a tight fit provided at the other ends.

Links. Links for pin and link hanger assemblies or bearings experiencing
uplift shall be fabricated from rolled plate. The primary plate rolling direction
shall be along the length (vertical axis) of the link. The material shall have a
minimum Charpy V-Notch toughness of 35 ft Ib at 20 °F (48 J at —7 °C) and
a minimum elongation of 22 percent in 2 in. (50 mm). Nominal yield strength
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of the link material shall not exceed 70 ksi (480,000 kPa). The links shall be
straight and parallel. Holes in links and webs for pins or bushings shall have
a maximum roughness equivalent to 125 p in. (3 pm) finish.

Rollers and Pins. Rollers and pins shall be straight and turned to the
dimensions shown on the drawings. The final surface shall be produced by
a finishing cut, except expansion rollers made from cold finished steel bars
having a smooth, true surface, need not be turned. Pins for pin and link
assemblies or bearings with uplift shall have a ground finish equivalent to a
32 pin. (0.8 pm) maximum roughness and shall be 100 percent inspected
by magnetic particle or dye penetrant testing after grinding. Any cracks or
other flaws detected shall be reported to the Engineer and will be cause for
rejection. After testing, unpainted carbon steel pins shall be coated for
corrosion protection according to Article 506.04(h). Rollers shall be shop
primed after testing.

Boring Pin Holes. Pin holes shall be bored at right angles with the axis of
the member and parallel to each other, unless otherwise required. The
actual distance from center to center of pins at link connections shall not
vary from that specified by more than 1/8 in. (3 mm). The boring shall be
done after the member is fabricated. If metallic pin bushings are required,
they shall be shrunk fit and their internal diameters shall be ground to
32 pin. (0.8 um) maximum roughness.

Pin Clearances. For steel-on-steel contact, the fit between a hole and a pin
shall be according to ANSI Standard B4, Class RCS8, loose running fit. For
pins bearing on metallic shrink fit bushings, the fit shall be ANSI Standard
B4, Class RC7. For pins bearing on Teflon Impregnated fiber reinforced
bushings, the bushing manufacturer's recommended tolerances for fit shall
be followed for the hole and pin diameters. Tolerances for all pin diameters
and pin holes shall satisfy the following.

Nominal Range of Clearance Tolerance from Nominal Sizes
Diameter Hole Pin
in. in. x 10° win. pin.
1.97-3.15 6.0-13.5 +4.5 -6.0
0 -9.0
3.15-4.73 7.0-15.5 +5.0 -7.0
0 -10.5
4.73-7.09 8.0-18.0 +6.0 -8.0
0 -12.0
7.09-9.85 10.0-21.5 +7.0 -10.0
0 -14.5
9.85-12.41 12.0-25.0 +8.0 -12.0
0 -17.0
12.41-15.75 14.0-29.0 +9.0 -14.0
0 -20.0
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Nominal Range of Clearance Tolerance from Nominal Sizes
Diameter Hole Pin
(mm) (um) um pm
50-80 152-343 +114 -152
0 -229
80-120 178-394 +127 -178
0 -267
120-180 203-457 +152 -203
0 -305
180-250 254-546 +178 -254
0 -368
250-315 305-635 +203 -305
0 -432
315-400 356-737 +229 -356
0 -508

(q) Welding. Welding shall be done according to the requirements of the

ANSI/AASHTO/AWS D-1.5, except steel tubular structures shall be covered
by the AWS D1.1 Structural Welding Code. Steel shall only be shop welded
to remedy minor defects or according to details shown on shop drawings
approved by the Engineer. Proposed details and procedures for field
welding of structural steel shall be approved by the Engineer before welding
begins.

Shop and field welding shall be performed using Welding Procedure
Specifications approved by the Engineer with shielded metal arc welding
(SMAW), submerged arc welding (SAW), gas metal arc welding (GMAW), or
flux cored arc welding (FCAW) consumables permitted by the BWC. Other
processes or consumables shall be specifically authorized by the Engineer
on a project by project basis. Welders shall be qualified according to the
BWC or Structural Welding Code.

(1) Modifications by Code. The following modifications to the specified
sections of BWC shall apply.

a. In sections 4 and 5 of the BWC, including tables 4.1, 4.2, 4.3, and
4.4, the base metals shown in each row of the following list shall be
considered equivalent for the purposes of fabrication and weld
procedure qualifications.

English

R ASTM Specification AASHTO Specification
OW | Previous Current | Previous Current
1 A 36 A 709 M 183 M 270
Gr. 36 Gr. 36
2 A 572 A 709 M 223 M 270
Gr. 50 Gr. 50 Gr. 50 Gr. 50
3 A588 A 709 M 233 M270
Gr. 50W Gr. 50W
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R ASTM Specification AASHTO Specification
OW | Pprevious Current | Previous Current
4 Note 1 A 709 | Notel M 270
Gr. HPS 70W Gr. HPS 70W
5 A 514 A 709 | Notel M 270
Gr. 100W Gr. 100
6 A 517 A 709 M 244 M 270
Gr. 100 Gr. 100
Note 1. Previous specification deleted.
(Metric)
R ASTM Specification AASHTO Specification

OW | Previous Current Previous Current
1 A 36M A709M | M 183M M 270M
Gr. 250 Gr. 250

2 A 572M A709M | M 223M M 270M
Gr. 345 Gr. 345 Gr. 345 Gr. 345W

3 A 588M A709M | M 222M M 270M
Gr. 345W Gr. 345W

4 Note 1 A 709M Note 1 M 270M
Gr. HPS 485W Gr. HPS 485W

5 A 514M A 709M Note 1 M 270M
Gr. 690W Gr. 690W

6 A517M A709M | M 244M M 270 M
Gr. 690W Gr. 690

Note 1. Previous specification deleted.
Charpy-V-notch (CVN) Testing: All CVN testing shall be for Zone 2.

In Section 5 of the BWC, 5.2 requires the Contractor to perform
Qualification or Verification testing. The Department will consider
each fabrication organization as a separate Contractor for this
requirement of the BWC. For fabricators operating in multiple
locations, either with a group of buildings or at geographically
separates facilities, weld procedures for the same type of
equipment, used under similar operating conditions may be based
on a common set of Procedure Qualification Reports (PQRs). If
routine nondestructive testing reveals significant disparities in
production quality that may be attributed to equipment variation
then separate qualification tests shall be done at each location or
machine involved. Non-FCM PQRs based on qualification tests,
pretests, and/or verification tests shall remain valid as long as no
significant changes occur in electrode/flux components or
properties, subject to evidence of the shop’s successful use of the
process on equal or greater strength material at least every six
months. If more than six months elapse without documented
successful use of the process, the Engineer may require
requalification of the PQR used to prepare the Weld Procedure
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Specification (WPS) proposed. Evidence of satisfactory use shall
include Fracture Critical procedure tests, nondestructive
examination of production welds, or welder/weld operator
qualification tests. The Engineer will accept evidence of prior
testing provided the PQR is complete and shows compliance with
these specifications, and both the witnesses and the facility
performing testing are satisfactory.

c. Ancillary products described by subparagraph 1.3.6 of the BWC
shall include: cross frames and diaphragms for non-curved
structures and not designed to convey liveload stresses, expansion
seal joints, pedestals and bolsters, retainer angles, walkway
grating, and other items specifically identified by the Engineer.

(2) Electrodes and Flux. Welding electrodes and flux for submerged arc
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welding shall bear the manufacturer's marking showing the material to
be of the proper class. The equipment and consumables to be used
shall be submitted to the Engineer for approval, together with evidence
of the manufacturer's PQR and the Contractor’'s verification test(s) or
the Contractor's PQR, except as exempted.

For flux cored electrodes, only E7XT-6 or E7XT-8 may be used in areas
susceptible to drafts or wind exceeding 5 mph (8 km/hr). Other flux
cored, metal cored, or solid electrodes utilizing gas shielding and
satisfying the BWC may be used in enclosed, protected environments
with air movement of less than 5 mph (8 km/hr). Welds made with
E7XT-6 or E7XT-8 shall not be covered by or incorporated into welds
made with other electrodes.

Electrodes and flux used for welding tubular steel structures and which
satisfy prequalification requirements in the AWS D1.1 shall not require
qualification testing.

When PQR, Pretests, and/or Verification Tests are not required,
variables affecting heat input shall be within ranges specified by
consumable manufacturers, and supported by manufacturers’
compliance reports, not more than 12 months old, which shall be in a
file maintained by the Contractor and furnished to the Engineer or
Inspector upon request. Any parameters (including gas flow, current
limits, E.S.O., and polarity) not within the manufacturer’s guidelines
shall require qualification testing for the WPS. The Quality Assurance
(QA) Inspector representing the Department and Contractor's Quality
Control (QC) Inspector shall ensure the Procedure Qualification Test
weld parameter variables are being accurately monitored and recorded
for each pass, and that specimen identity is constantly maintained.
Similarly, the QA Inspector and QC Inspector shall assure the critical
weld parameters (preheat, travel speed, wire feed speed, current, etc.),
consumable condition, and weld quality are adequately monitored
throughout production.

When repetitive welding deficiencies persist even after adjustments are
made, the QA Inspector shall have authority to prohibit use of the WPS,
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consumables involved, welding equipment and/or welding personnel, as
applicable, for Department projects, until abnormalities are corrected to
the QA Inspector’s satisfaction. Such deficiencies may include: lack of
fusion or penetration, overlap, large or frequent slag inclusions, poor
deslagging and interpass cleaning, ropiness, convexity or concavity of
bead, gross porosity, and non-uniform weld size. If more serious
deficiencies are noted, such as weld or underbead cracking, extensive
lack of fusion, wet flux, contaminated weld zone, or not conforming to
an approved WPS, the QA Inspector may require either removal of
guestionable welds or additional NDT. If deficiencies are attributable to
the WPS or a specific electrode-flux combination, the Engineer will have
authority to require the Contractor to either repeat Qualification Testing
or to use another approved WPS.

Procedures. Complete Weld Procedure Specifications (WPSs) shall be
submitted to the Engineer with fully documented and accepted PQRs (if
applicable) for approval. The WPS submitted may be either generic for
common situations on multiple projects or be tailored to suit the
particular fabrication project.

The WPS shall include the following items: general instructions for fit-
up, techniques and welding sequences; types of steel; joint description
and preparations; welding position; polarity; amperage, voltage, and
linear welding speed; electrode size and type; flux designation and
consumable manufacturer's trade name(s); approximate number of
passes, maximum width and thickness of weld layers, and any
procedure change between passes in the same weld; preheat-interpass
temperatures, maximum and minimum; post heat temperature and
duration; and other data necessary to fully describe the welding
procedure. A copy of the WPS shall be available at the welding
operation.

Welder Qualification. All welders, welding operators, and tackers shall
be qualified by test according to the applicable welding code. Testing
shall be administered and certified by a Certified Welding Inspector
(CWI) or equivalent acceptable to the Engineer. The Engineer may
accept evidence of previous qualification for welders under the
applicable welding specifications.

Fabrication. Shop welded butt splices, not detailed on Contract plans
but required by limiting lengths of material, may be used if they are
detailed for the full strength of the member and are placed at locations
approved by the Engineer. Complete joint penetration welds shall not
have more than three repair welds made at a common location.
Complete removal of the weld and adjacent base metal shall be
required after the third repair.

Flange-to-web welds and shop welded splices in flanges or webs shall
use the automatic submerged arc welding process. All fillet welding of
stiffeners and connection plates to webs shall utilize automatic
submerged arc welding, unless otherwise approved by the Engineer for
specific situations.
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If the applicable code permits welding on areas with tight mill scale
present, WPSs utilizing consumables with sufficient deoxidizing
capacity shall be employed to avoid porosity or lack of fusion. Tack
welds shall start a minimum of 3 in. (75 mm) from the end and shall be
a minimum of 1 1/2 in. (40 mm).

Ends of fillet welds shall have full throat and no unfilled craters. Fillet
welds on stiffeners, connecting plates, gussets, and other assemblies
(except for flange-to-web welds) shall terminate approximately 1/4 in.
(6 mm) from the end of plate intersects to avoid undercut and other
defects.

Special precautions shall be taken when welding during cold weather to
avoid extreme thermal gradients and to avoid adversely effecting the
manual functions of the welder or welding operator. In certain cases,
the BWC minimum preheat and interpass temperatures may be
insufficient for steels with nominal yield strengths exceeding 50 ksi
(345,000 kPa) and thickness above 3/4 in. (20 mm). Preheat for these
steels shall be calculated if the nominal welding electrode strength
exceeds 80 ksi (550,000 kPa) and the plate sulfur content exceeds
0.01 percent, or if either plate’s carbon equivalent exceed 0.4 percent.

Tolerances for welded components shall be according to the applicable
welding code, except the maximum deviation from specified camber for
a span (abutment to-pier or pier-to-pier) or girder segment (abutment-to-
splice or splice-to splice) shall be £3/4 in. (£20 mm).

Shop butt welds in flanges and webs shall be completed, tested, and
accepted before the flanges are assembled on the web. Where
possible, extension blocks (run on/run-off tabs) matching the joint's
cross section are to be used for all complete penetration welds and
flange-to-web welds, unless additional material is provided to ensure full
size welds the full length of the member.

Inspection. The inspection of welds and workmanship will be performed
according to the BWC, except as modified.

Prior to the start of fabrication of their first project for the Department,
within the previous 24 months, the Contractor's QC and production
supervisors and the Engineer shall have a conference to ensure
agreement regarding the details of the project, standard shop
procedures, advance notifications to the Inspector, specific items for
QC/QA acceptance, material documentation, cleaning and painting
requirements, the sequence of fabrication to be followed, the status of
qualifications for welders and welding operators, and approval of
electrodes, wire, flux, other welding materials, and equipment.

The welding and testing of all Procedure Qualification Test specimens
shall be witnessed by personnel from two separate agencies,
independent of the fabricator and acceptable to the Engineer. These
may include the Inspector, Inspectors from other state DOTs, and/or
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qualified individuals from independent testing agencies which meet the
approval of the Engineer.

Butt welds shall be radiographically (RT) or ultrasonically (UT)
inspected according to the BWC, except: top and bottom 1/3 of each
vertical web joint shall receive RT, and the remainder of that joint shall
receive RT if unacceptable discontinuities are found in those areas;
50 percent of longitudinal web joints shall receive RT; and, except for
webs, joints shall be considered “subject to tension or reversal of stress”
if either plate joined requires Charpy V-notch (CVN) testing. In addition,
butt welds in which the thickness of the thinner plate equals or exceeds
3in. (75 mm) shall also receive UT. All joints to be inspected shall be
free of paint, scale oil, and grease.

All radiographs shall be taken and interpreted by qualified technicians
acceptable to the Engineer. The original film and a complete report
describing the procedure and the technicians interpretation, properly
identified as to piece and location of the weld, shall be submitted to the
QA Inspector for approval prior to acceptance of the weld. If the original
film is found to be unacceptable by review by the QA Inspector, another
radiograph of the joint shall be taken. In the event the Contractor
questions the QA Inspector’s interpretation of the radiographic films, a
joint review of the film will be made. The Engineer’s final interpretation
will govern.

When areas to be radiographed are too large for one film, overlapping
exposures shall be made to cover the area. The limits for one film shall
be 15 in. (375 mm) for web shots and 16 in. (400 mm) for flange shots
1 1/4 in. (30 mm) and thicker the limits shall be 15 in. (375 mm).

If radiographic inspections disclose rejectable defects, they shall be
repaired and additional radiographs shall be taken for each repaired
weld and submitted to the QA Inspector for approval.

The Contractor shall furnish the Engineer a shop drawing with the weld
identification and showing assembly of the steel into final members or
pieces. Lettering on radiographs of repairs shall show an “R” and the
number of the repair shot. This additional identification shall be placed
next to the film number and be included on the weld identification shop
drawing.

Location marks shall be stamped in the steel by the Contractor prior to
radiographing, using a prick punch with a dull tip. These will be located
by lead arrows, but only the “floating” mark must be visible on the film.
The location marks shall consist of center punch marks 1 1/2in.
(40 mm) from the centerline of the weld for plates up to 3in. (75 mm)
thick or 2 in. (50 mm) from the centerline on thicker plates, and 2 1/4 in.
(60 mm) in from each edge of the plate. In addition, there shall be one
randomly placed, “floating” punch mark within each exposure at the
same distance from the centerline. The punch marks shall be placed in
the thinner plate. In a series of overlapping exposures, the location
marks shall be placed at approximately every 15 in. (375 mm).
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Complete penetration tee and corner joints of primary members shall be
ultrasonically inspected. Complete penetration tee and corner joints in
compression or shear shall have at least 1 ft (300 mm) of every 4 ft
(.2m) and 1ft (300 mm) of each joint less than 4ft (1.2 m)
ultrasonically inspected. This shall include flange-to-web welds in
bending members and welds joining material that does not require
Charpy V-notch (CVN) testing. If unacceptable defects are found in any
test length, the full length of the weld or 3 ft (900 mm) either side of the
test length, whichever is less, shall be ultrasonically inspected. If
unacceptable defects are found in more than 20 percent of the 1 ft
(300 mm) increment lengths tested, the full length of the joint shall be
ultrasonically inspected. Complete penetration tee and corner joints
subject to tension or stress reversal shall be ultrasonically inspected the
full length of the joint. This shall include welds joining plates requiring
CVN testing other than web-to-flange joints in bending members.
Welds within 1 ft (300 mm) of repairs shall be retested after the repairs
are made.

Partial magnetic particle inspection will be required of each fillet weld on
nonfracture critical girders, floor beams, stringers and truss members,
fabricated items subjected to tensile stress or reversal of stress,
including fingerplate stools, and for root and final passes of partial
penetration groove welds in primary members, unless specifically
exempted by the Engineer. At least 1 ft (300 mm) of every 10 ft (3 m) of
weld length or 1 ft (300 mm) of each weld less than 10 ft (3 m) in length,
plus welds within 1 ft (300 mm) of all starts and stops shall be tested,
except bearing assembly to flange and diaphragm seat angle to web
welds shall only be tested when visual inspection indicates possible
flaws. The test shall be located at random in the members so as to be
typical of the welding. Random locations are subject to selection by the
Engineer. If unacceptable defects are found in any test length of a fillet
weld, the full length of the weld, or 5 ft (1.5 m) on either side of the test
length, which ever is lesser, shall be magnetic particle tested.

For Fracture Critical Members (FCM), fillet welds on flanges and webs
that may be in tension areas shall receive 100 percent magnetic particle
inspection.

The magnetic inspection procedure and techniques shall be according
to ASTM E 709. The QA Inspector will examine the magnetic test
reports and give approval before the members will be accepted. Welds
within 1 ft (300 mm) of repairs shall be retested after the repairs are
made.

Welded or cast steel bearing assemblies weighing more than 350 Ib
(160 kg) each shall be nondestructively examined by visual, magnetic
particle and/or ultrasonic methods, as directed by the Engineer to insure
no critical flaws exist.

Surface porosity in all welds shall not exceed 3/16 in. in 1in. (5 mm in
25 mm) of weld nor 3/8 in. in 1 ft (10 mm in 300 mm) of weld. Cluster
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porosity size shall be determined by describing a circle around the
cluster of holes. If the circle diameter is 3/16 in. (5 mm) or greater, the
porosity must be ground out and rewelded. For linear porosity, a line
connecting three or more adjacent pores shall be drawn. Adjacent
pores are defined as pores separated by less than 1/4 in. (5 mm). If the
line drawn exceeds 3/8 in. in 1 ft (10 mm in 300 mm), the porosity shall
be ground out and rewelded. The maximum diameter for a single pore
shall not exceed 3/32in. (2 mm). The maximum frequency shall not
exceed 1 porosity episode in 4 in. (100 mm) nor 5 (6) episodes for every
4 ft (1.2 m) of weld. The above criteria shall also apply to all subsurface
welds which are critical or heavily stressed welds that are subjected to
various nondestructive tests.

The Contractor shall give the Engineer sufficient advance notice of the
date on which the material will receive radiographic, ultrasonic, or
magnetic particle inspection so that the Engineer may be present.

(r) Bent Material. Material that must be bent, shall be produced by techniques
approved by the Engineer.

(s) Fillers. Fills less than 1/4 in. (6 mm) thick may employ sheet steel material
such as ASTM A 570 or A 606 satisfying the physical and weathering or
coating requirements of the material joined. Fills shall not be tack welded.

(t) Screw Threads. Threads for all bolts and pins for structural steel
construction shall be according to the Unified Standard Series UNC-ANSI B
1.1, Class 2A for external threads and Class 2B for internal threads, except
pins ends having a diameter of 1 3/8 in. (35 mm) or more shall have a thread
pitch of 6 threads to the 1 in. (4.2 mm).

(u) Anchor Bolts. Anchor bolts shall be according to Article 521.06.

505.05 Inspection. All material and workmanship will be subject to QA
inspection by the Engineer. The cost of inspection, both at mill and shop, will be
borne by the Department, except whenever any inspection is conducted outside the
Continental United States, the Contractor shall bear the actual costs of travel and
subsistence for the Department’s QA inspection.

(@) Shop Inspection. The Contractor shall give the Engineer at least a one
week notice prior to the beginning of work for shops within lllinois, and at
least two weeks notice for work outside state boundaries. The Contractor
shall arrange members or units to be inspected so that identification marks
are visible and each member or unit is accessible for measurements the QA
Inspector may deem necessary. Upon the QA Inspector's request, the
Contractor shall reposition the steel to permit full examination. Prior to shop
inspection of an item, the Contractor shall furnish the QA Inspector with a list
of its main stress carrying material, correlating the piece mark and heat
numbers. The heat number, established by the rolling mill, shall be
preserved on material through fabrication until the element is joined into a
member with a permanent piece mark.
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(b) Shop Assembly. All trusses and arches shall be completely, geometrically,
or sequentially assembled at the fabricating plant, subject to the Engineer’s
approval of the fabricator's proposed system. Continuous beams or girders
and connections requiring reamed field connection holes shall be
assembled, unless otherwise noted or approved by the Engineer before
reaming is commenced. For girder or beam lines with more than three
elements, at least three pieces shall be included in each assembly. Unless
approved by the Engineer, assemblies made for reaming or drilling holes
shall not be disassembled until after shop QA inspection has been made.
Shop assembly of curved girders shall meet the additional requirements of
Article 505.04(c)(4).

(c) Waiving Shop Inspection. The Engineer may partially or completely waive
shop QA inspection and complete the inspection of fabricated material when
it is delivered at the job site. The Contractor shall remain responsible for the
fabricated items until job site acceptance is given.

505.06 Cleaning and Shop Painting. Fabricated steel shall be cleaned and
shop painted according to Articles 506.03 and 506.04.

505.07 Marking and Shipping. Each member shall receive an erection mark
for identification, and an erection diagram showing member locations shall be
included in the shop drawings. If paint is used to locate (circle) metal stamped marks
or to enhance their legibility (copy) on unpainted structures, the marks shall be placed
in areas not highly visible after construction. Paint marks on outside faces of
unpainted fascia members or on the underside of their bottom flanges shall be
removed prior to shipping.

Pins, small parts, and small packages of bolts, washers, and nuts may be
combined for shipment in boxes, crates, kegs, or barrels, but they shall be protected
from damage and the gross weight of any container shall not exceed 300 Ib (135 kg).
A list and description of the contents shall be attached to the outside of each
container. The loading, transportation, unloading, and storing of structural material
shall be conducted so that the items will be kept clean and not be excessively
stressed, deformed or otherwise damaged. For handling long steel members or large
assemblies, lifting points, temporary supports and sequences, based on the
Contractor’s calculations, shall insure member stresses do not exceed 80 percent of
the material’'s minimum vyield strength. These calculations shall be submitted to the
Engineer for review. In storing and shipping members, blocking, bracing, and shoring
shall be sized and placed as necessary to prevent excessive deflection or motion.
Fabricated beams and girders shall be handled, stored, and shipped in an upright and
final erection position unless otherwise approved by the Engineer.

Steel lifting lugs on members will not be permitted if their installation and removal
could possibly be detrimental to the structure. The following requirements shall also
be met.

(@) One Contract for Fabrication and Erection. When fabrication and erection
are accomplished under one contract and lifting lugs are used, the lugs shall
be placed during fabrication. When no longer required, the lugs shall be
removed.
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The location, attachment, and removal method for the lugs shall be detailed
on the shop drawings approved by the Engineer.

Separate Contracts for Fabrication and Erection. When fabrication and
erection are accomplished under separate contracts and lifting lugs are
desired by the erector but not shown on the contract plans, the erection
Contractor shall be responsible for submittal of shop drawings to the
Engineer for approval and for having the lugs furnished, installed and
removed. When lifting lugs are detailed on the contract plans, the
fabrication Contractor shall be responsible for furnishing and installing the
lugs and the erection Contractor shall remove them when no longer
required. The location, attachment, and removal method for the lugs shall
be detailed on the shop drawings and approved by the Engineer.

505.08 Erection. The Contractor shall erect the structural steel, remove the
temporary construction associated with the steel erection and do all work required to
complete the structure as covered by the contract. The following requirements shall

govern.

@

(b)

(©)

(d)

(e)

Concrete Work. If the substructure and superstructure are built under
separate contracts, the Department will provide the substructure is within
allowable tolerances for lines and elevations, and properly finished, and will
establish the locations and elevations required for setting the steel.

Plant. The Contractor shall provide the falsework and all tools, machinery
and appliances, including pilot and driving nuts, cylindrical erection pins, and
fitting-up bolts, necessary for the expeditious handling of the work. These
items will be considered as equipment and shall remain the property of the
Contractor.

Handling and Storing. The loading, transporting, unloading, storing, and
handling of structural steel shall be according to Article 505.07 and shall be
conducted so that the members will be kept clean and free from injury.
When unloaded, the materials shall be placed on skids and braced to
prevent excessive deflection, to keep the member off the ground and to
provide adequate stability.

If the contract covering the erection of the steel does not include the
fabrication, the erection Contractor shall check the material received and
report promptly, in writing to the Engineer, any shortage or injury discovered.
The erection Contractor shall be responsible for the loss of any material
furnished by the Department or another Contractor after delivery and
acceptance at the job-site, or for any damage to such material during job-
site storage or erection.

Falsework. The falsework shall be properly designed, constructed, and
maintained for the required loads and site conditions. The Contractor shall
prepare and submit falsework plans for the Engineer’s review unless waived
by the Engineer.

Methods and Equipment. Before starting work, the Contractor shall submit
an erection plan to the Engineer for approval detailing the proposed
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methods of erection and the amount, location(s), and type(s) of equipment to
be used.

Fixed Bearings. Fixed bearings on concrete shall be set level and not be
placed upon areas that are improperly finished, damaged, or irregular.

Leveling plates, pads, and/or adjustment shims shall be placed beneath the
bottom bearing plates or castings.

Anchor bolts shall be installed according to Article 521.06.

Straightening Bent Material. The straightening of plates, angles, and other
shapes and built-up members, when permitted by the Engineer, shall be
done by methods that will not produce fracture or additional injury. Distorted
members shall be straightened by mechanical means or, if approved by the
Engineer, by the careful planned and supervised application of a limited
amount of localized heat, under rigidly controlled procedures. Procedures
using heat, with or without external restraints (jacks, come-alongs), shall be
detailed to include heat patterns and locations, maximum temperatures,
monitoring methods, restraint locations, and calculations of restraint forces.

Before beginning any work, these shall be submitted and received for the
approval of the Engineer. For AASHTO M 270 (M 270M) Grades 70W, 100,
or 100W (485W, 690 or 690W) steels, the temperature shall not exceed
1050 °F (565 °C), and for other steels, the temperature of the heated area
shall not exceed 1150 °F (620 °C) as verified by temperature indicating
crayons, infrared or bimetal thermometers. Parts to be heat straightened
shall be substantially free of stress from external forces, except the
preplanned restraints in the Engineer-approved proposal. Following the
straightening of a bend or buckle, the surface of the metal shall be carefully
inspected, and any evidence of fracture shall be immediately reported to the
Engineer.

Assembling Steel. Match marks shall be followed and beams or girders
supported to provide the top of beam/web elevations shown on contract
plans (without steel dead load deflection) until field splices are pinned and
partially bolted.

Bearing surfaces and surfaces to be in permanent contact shall be cleaned
of foreign material before the members are assembled. Detailed truss
spans erection procedures shall be submitted for the Engineer's approval.
These shall include blocking and falsework plans, assembly sequence and
bolting methods for chords, floor beams, stringers and bracing installation.

Bolted field splices in continuous beams or girders shall not be torqued until
the entire continuous length is in place on the substructure. During erection,
splices and field connections shall have 1/4 of the holes filled with finger-
tight bolts and 1/4 with cylindrical erection pins. Bolt tightening shall not
commence until all erection pins at a splice have been removed and all
holes are filled with finger-tight bolts. Bolt tightening shall be according to
Article 505.04(f). Temporary fitting-up bolts shall be the same diameter as
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the specified bolts, and cylindrical erection pins shall be 1/32in. (1 mm)
smaller than the hole.

Field Bolting. High-strength bolts shall be tested and installed according to
Article 505.04(f). Drifting shall draw the parts into position but not enlarge
the holes or distort the metal.

Other Bolted Connections. In connections, where bolts or turned bolts are
used, the bolts shall be brought to snug tight and loosening shall be
prevented by either burring the threads at the face of the nut with a pointed
tool or other mechanical means, including lockwashers and self locking nuts.

Pin Connections. Pilot and driving nuts shall be used if required for driving
pins. Pins shall be installed so that the members will take full bearing on
them. Pin nuts shall be tightened sufficiently to limit lateral separation of
material to 1/8 in. (3 mm) or that detailed by the contract plans, but not
enough to clamp material and restrict rotation. Pins shall be double nutted
with jam nuts or have other provisions to prevent loosening of single nuts
under normal service conditions, subject to approval by the Engineer.

Misfits. The correction of misfits involving minor field corrections will be
considered a part of the erection. Minor field corrections include grinding
corners, burrs, or other small areas, removing less than 1/8 mm (3 mm) of
material, or reaming of less than five percent of holes. Plates shall either be
held tightly together during reaming or disassembled for cleaning. Any error
in the shop fabrication or permanent deformation resulting from handling and
transportation, which prevents the proper assembling and fitting up of parts
by the use of cylindrical erection pins, or by minor field corrections, shall be
reported immediately to the Engineer. Any proposed method of correction
must be approved by the Engineer, and the correction shall be made in the
Engineer’s presence. If the contract provides for complete fabrication and
erection, the Contractor shall be responsible for all misfits, errors, and juries,
and shall make the necessary corrections and replacements. If the contract
provides for complete fabrication of the steel, the Contractor performing the
fabrication shall be responsible for all errors in fabrication. The Engineer will
determine: what corrections are considered to be of a minor nature and are
included as part of the erection work; what damage or loss is the
responsibility of the erection Contractor; and which problems are to be
considered errors is fabrication, to be remedied at the expense of the
Contractor responsible for the fabrication. Damage occurring during
transportation shall be corrected at the expense of the responsible
Contractor.

Stud Shear Connectors. Stud shear connectors shall be furnished as a
single unit and of a design suitable for end-welding to steel with
automatically timed stud welding equipment. Stud shear connectors that are
to be welded to the top flanges of beams or girders shall be placed after the
steel has been erected and suitable scaffolding or the deck forming has
been provided so the hazard due to stud projections is at a minimum. Studs
that are to be welded to expansion guards, bearing plates, or other locations
not posing a hazard, may be placed in the shop.
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If flux-retaining caps are used, the steel for the caps shall be of a low carbon
grade suitable for welding and shall comply with ASTM A 109 (A 109M).
Finished studs shall be of uniform quality and condition, free from injurious
laps, fins, seams, cracks, twists, bends, or other injurious defects.

Finish shall be as produced by cold drawing, cold rolling, or machining. The
manufacturer shall certify that the studs satisfy the requirements of this
Section. Certified copies of in-plant quality control test reports shall be
furnished to the Engineer upon request. An arc shield (ferrule) of heat-
resistant ceramic or other suitable material shall be furnished with each stud.
The material shall not be detrimental to the welds or cause excessive slag
and shall have sufficient strength so as not to crumble or break due to
thermal structural shock before the weld is completed. Flux for welding shall
be furnished with each stud, either attached to the end of the stud or
combined with the arc shield for automatic application in the welding
operation.

(1) Power Source. Stud shear connections shall be end welded with
automatically timed stud welding equipment connected to a suitable
power source. If two or more stud welding guns are to be operated
from the same power source, they shall be interlocked so that only one
gun can operate at a time and so that the power source has fully
recovered from making one weld before another weld is started.

Studs may be welded using two or more welding generators in parallel
or by use of a battery operated source to supply the necessary
amperage.

(2) Preparation and Welding. At the time of welding, the studs shall be free
of any rust, rust pits, scale oil, or deleterious matter. The surface to
receive the stud shall be free from mill scale and heavy rust. Paint,
galvanizing and oil are contaminants and shall be removed.

Welding shall not be done when the base metal temperature is below
0 °F (-17 °C), or when the surface is wet. If it becomes necessary to
weld the studs when the temperature of the base metal is below 0 °F
(=17 °C), base metal shall be preheated and maintained above 32 °F
(0 °C) during the welding operation.

While in operation, the welding gun shall be held in position without
movement until the weld has solidified.

Longitudinal and lateral spacings of studs with respect to each other
and to edges of beam or girder flanges shall not vary more than 1/2 in.
(13 mm) from the dimensions shown on the plans, except that a
variation of 1in. (25 mm) will be permitted where required to avoid
obstruction with other attachments on the beam. The minimum
distance from the edge of a stud shank to the edge of a beam or plate
shall be 1 in. (25 mm).

(3) Inspection and Field Bend Tests. The first two studs welded on each
beam or girder, after being allowed to cool, shall be bent 45 degrees by



Steel Structures Art. 505.08

striking the stud with a hammer. If failure occurs in the weld of either
stud, the procedure shall be corrected and 2 successive studs shall be
successfully welded and tested before any more studs are welded to
the beam or girder. This bend check shall also be made at the start of
each day of the work, when the welding has been interrupted for an
hour or more, when changing grounds, when changing weld settings or
when changing cable loop due to arc blow (arc not going vertically from
center stud to flange). In any case, no more than 500 studs shall be
welded to a beam or girder without the welds being field bend tested
according to the foregoing procedure. These bend tests shall be made
by the operator and left in the bent position for inspection by the
Engineer. All such studs that show no sign of failure as determined by
the Engineer shall be left in the bent position. When 7/8 in. (22 mm)
studs are welded, bend tests will be performed after every 250 studs. If
due to low temperatures, preheating of the base metal has been utilized
in preparation for automatic welding of studs to the beams or girders,
the operator shall hammer bend to 45 degrees from the vertical two
studs in each 100 welded in addition to the first two studs welded on
each beam or girder. The studs shall be left in the bent position for
examination by the Engineer.

Studs on which a full 360 degrees weld has not been obtained may, at
the option of the Contractor, be repaired by adding a 5/16 in. (8 mm)
fillet weld in place of the lack of weld, using the shielded metal-arc
(SMAW) process with low hydrogen welding electrodes. The repair
weld shall extend at least 3/8 in. (10 mm) beyond each end of the
discontinuity being repaired. The minimum preheat (flange and stud
temperature) for SMAW repair welds is 70 °F (20 °C). The Engineer will
bend test questionable studs as follows: Using a heavy hammer the
Engineer will strike the stud to bend in the direction opposite to the weld
deficiency until the shank is bent 15 degrees from the vertical (about
1lin. (25 mm) deflection). Then reversing, direction, the stud will be
driven back into the vertical position. If there is no visual distress
evident in the weld, it will be considered satisfactory.

In addition to the bend tests accomplished by the operator to the
satisfaction of the Engineer and the bend tests made by the Engineer,
the Engineer will check approximately one percent of the studs at
random by striking the stud and bending to an angle of 45 degrees with
the vertical. The studs shall be left in the bent position.

If a stud fails or it becomes necessary to remove a stud with a defective
weld, the vacated area of the beam or girder flange shall be ground
smooth and flush, or in case of a pullout of metal, the pocket shall be
welded according to Article 505.04(q) using the shielded metal-arc
process with low-hydrogen electrodes and then ground flush. The new
stud shall be placed in the dimensional location as the defective stud it
replaces.

If the Engineer notes a reduction of the height of the studs as they are
welded, the work shall be stopped immediately and not resumed until
the cause has been corrected. If the Engineer determines that the
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shear connectors are not satisfactory by inspection and testing during
the progress of the work, the Contractor shall replace all defective studs
and make necessary changes in the welding procedure or welding
equipment to secure satisfactory results.

Field Welding and Cutting. Field welding shall be according to
Article 505.04(q) and all field thermal (flame or plasma) cutting shall be
according to Article 505.04(k). No field welding shall be done on main, load
carrying members unless specified by the contract plans or with the written
permission of the Engineer. The use of thermal cutting in other areas will be
permitted only when specified by the contract plans or authorized by the
Engineer, and shall be subject to the Engineer’s inspection. No thermal
cutting equipment shall be permitted on the structure, except when in use
according to the above requirements.

Construction Loads. Equipment for pulling falsework or other piles, for
erecting adjacent structures, or for other tasks not directly related to
construction of the structure shall not be operated upon or attached to any
portion of the new structure without the written approval of the Engineer.

505.09 Work Under Separate Contracts. When the fabrication, erection,
and painting of structural steel, construction of concrete decks, and other collateral
work on a structure are accomplished under separate contracts, the following shall
apply.

@

(b)

Storing and Protection of Structural Steel. When the fabrication, erection
and painting of structural steel is accomplished under separate contracts,
the fabrication Contractor shall be responsible for storing and protecting all
fabricated structural steel up to 45 calendar days after completion dates,
delivery dates or number of working days specified in the fabrication
contract. All storage costs incurred by the fabrication Contractor during this
45 day period shall be borne by the fabrication Contractor.

Shipping of Structural Steel to Jobsite. The erection Contractor shall provide
the fabrication Contractor and the Engineer with a schedule for shipping the
structural steel to the jobsite within 30 calendar days after the execution of
the erection contract. This schedule shall specify the order items are to be
received and their orientation for delivery, and must meet the approval of the
Engineer. The erection Contractor will be responsible for receiving,
unloading storing and protecting the structural steel in accordance with this
schedule. If the erection Contractor elects to change this schedule, the
erection Contractor shall be responsible for coordinating the change with the
fabrication Contractor and for all costs and time delays associated with such
changes.

Delivery of the structural steel to the jobsite shall be the responsibility of the
fabrication Contractor. The mode of delivery shall be the option of the
fabrication Contractor. Delivery shall be limited to the hours between
8:00 a.m. and 5:00 p.m. on weekdays only, excluding any observed
holidays, unless otherwise approved by the Engineer. The erection
Contractor shall be responsible for coordination of movement of the
structural steel within the contract limits and shall be responsible for all
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demurrage charges. At the erection Contractor’s option and expense, steel
may be requested at times other than the stated time.

(c) Installation of Minor Items. Minor items of fabricated steel that cannot be
completely installed until either final adjustments are made or the completion
of subsequent contracts, shall be delivered and partially erected or stored as
directed by the Engineer. These items shall be installed or adjusted, as
required, by the Contractor performing the subsequent work.

505.10 Field Painting. Steel structures shall be cleaned and field painted
according to Articles 506.03 and 506.05.

505.11 Reserved.

505.12 Method of Measurement. All structural steel shown on the plans will
be included for payment unless it is specifically included with a separate pay item. All
other structure items, unless they are included with separate pay items or specified
as included into other items, will be included as structural steel, and the weight will be
calculated based upon their actual density (mass).

The Contractor performing the erection shall furnish the erection bolts and pins,
and also pilot and driving nuts when required. The Contractor performing the
fabrication shall furnish all fasteners, washers, shipping bolt, and fitting-up
diaphragms when required.

When minor items of structural steel are specified for payment by weight, the
weight used will be the measured weight (mass) of the fabricated structural steel
furnished. No measurement will be made or allowed for the weight (mass) of field
weld material. The structural steel will be measured in pounds (kilograms) using the
approved shipping weight (mass) or by measuring on approved platform scales.
When the plan quantities of minor items of structural steel, such as expansion dams
on concrete bridges or miscellaneous steel for the repair of existing structures, is
approximately 10,000 Ib (4500 kg) or less, the method of measurement for payment
will be according to Article 202.07(a) unless a weigh ticket is provided.

505.13 Basis of Payment. Structural steel furnished and erected in place will
be paid for at the lump sum price for FURNISHING AND ERECTING STRUCTURAL
STEEL.

Fabricated structural steel furnished and delivered will be paid for at the lump
sum price for FURNISHING STRUCTURAL STEEL.

Storage and care of the fabricated steel by the fabrication Contractor beyond the
specified storage period, will be paid for at the contract unit price per calendar day for
STORAGE OF STRUCTURAL STEEL if a pay item is provided for in the contract, or
will be paid for according to Article 109.04 if a pay item is not provided in the contract.

Erected structural steel and other materials fabricated under this item will be paid
for at the lump sum price for ERECTING STRUCTURAL STEEL.

If alterations or deductions to the work specified in the aforementioned lump sum
items are ordered by the Engineer, the Contractor shall accept payment for any
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increase or decrease in the amount of structural steel and other materials according
to Article 104.02(a). The unit price used for the adjusted work will be determined by
dividing the lump sum price bid for the item by the Engineer’s calculated weight as
shown on the contract plans. No adjustment in this plan weight will be allowed in
calculation of the unit price for the adjusted work. If the weight (Mass) in pounds
(kilograms) for the increased or decreased amounts of structural metals ordered by
the Engineer amounts to a change exceeding 0.5 percent of the Engineer’s
calculated weight as shown on the contract plans or 3000 Ib (1360 kg), whichever is
larger, the unit price used for the increased or decreased amount of structural steel
shall be agreed upon by the Contractor and Engineer.

When specified, minor items of structural steel furnished and erected complete
in-place will be paid for at the contract unit price per pound (kilogram) for
FURNISHING AND ERECTING STRUCTURAL STEEL.

Stud shear connectors that are to be field welded to the top flanges of beams or
girders will be paid for at the contract unit price per each for STUD SHEAR
CONNECTORS.

SECTION 506. CLEANING AND PAINTING METAL STRUCTURES

506.01 Description. This work shall consist of the cleaning and preparation

of steel surfaces; the furnishing, application and protection of the paint coatings; and

incidental work on new and existing steel structures.

506.02 Materials. Materials shall be according to the following.

Iltem Article/Section
(8) Structural Steel COALINGS .....ccoirrreiiiiiieiiiee e 1008
(b) High Strength Steel Bolts, Nuts and Washers .............ccccecvvvenennn. 1006.08(a)

CONSTRUCTION REQUIREMENTS

506.03 Cleaning New Structures. After fabrication, accessible surfaces of all
steel, except bolts, stainless steel, sliding surfaces, and items to be hot dip
galvanized, shall be blast cleaned in the shop after removal of dirt, oil or grease, and
other foreign substances according to the requirements of the Steel Structures
Paining Council (SSPC) Surface Preparation Specification SP 1 for Solvent Cleaning.
All outside corners to be shop painted shall be free of abrupt irregularities and dull to
the touch prior to blast cleaning. Small areas may be cleaned according to SSPC
Surface Preparation Specification SP 11 for Power Tool Cleaning to Bare Metal.
Fins, burrs, thermal cutting residue, abrupt deformities, sharpness (corner more acute
than a 1/32 in. (1 mm) radius), and other impediments to safe handling or a uniform
coating application and performance shall be corrected by grinding and/or other
Engineer-approved methods before final blasting or galvanizing. Blast cleaning of
areas to be shop painted shall be accomplished according to the requirements of the
SSPC Surface Preparation Specification SP 10 for Near White Blast Cleaning. Areas
to be blast cleaned but not shop primed shall satisfy the requirements of SSPC
Surface Preparation Specification SP 6 for Commercial Blast Cleaning. Diaphragms
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and/or cross frames shall be cleaned as required for the main members at the same
location.

All surfaces to be shop primed shall have an anchor profile of 1 to 2.5 mils (25 to
65 pum).

506.04 Shop Painting New Structures. Before painting, all blast products
shall be removed from the surfaces, and the cleaning shall be approved by the
Engineer. The blast-cleaned surfaces to be painted shall be given a prime coat within
24 hours after cleaning, unless otherwise authorized by the Engineer. The surface
shall be primed before any rust forms.

At the Contractor’'s option, hot-dip galvanizing may be substituted for shop
priming of bearings, typical cross frames or diaphragms on non-curved structures,
expansion joint assemblies, and other elements not carrying calculated stress.
Galvanized surfaces which shall have concrete poured against them shall be
chemically passivated or otherwise protected by a method approved by the Engineer.
Galvanized bearings for exterior members and elements readily visible after erection
shall be prepared for field painting, but galvanized items obscured from public view
will not require field painting. The Contractor shall submit a proposal for substituting
galvanizing to the Engineer, showing items to be field painted, applicable provisions
of AASHTO M 111 (ASTM A 123), drain/vent holes and any other necessary
modifications.

The fabricated steel shall not be loaded for shipment to the job-site until: the
shop paint is cured, the steel and coating has been inspected and approved by the
Engineer, and at least 24 hours after application of paint. No painting shall be done
after the material has been loaded for shipment.

The shop painting of steel structures shall be according to the following
requirements.

(@) Paint. The paint for the shop coat shall be the inorganic zinc-rich primer
according to Article 1008.02. The paint shall be stored at temperatures
between 40 and 110 °F (5 and 43 °C) or the manufacturer’s recommended
limits, whichever are more restrictive. A permanent, automated record of
storage temperatures shall be maintained and be available for the
Engineer’s review. Coatings stored at temperatures outside the above limits
will be rejected.

(b) Mixing of Paint. The paint shall be thoroughly mixed with a power mixer
before being applied and the pigments shall be kept in suspension. Records
shall be maintained for every batch or kit of primer, showing when the
activator was added to the primer, when the last of the primer was either
applied or discarded, and what items were coated with primer. The
manufacturer’s recommended pot life times shall not be exceeded, and
primer applied after that limit shall be removed. Inorganic zinc-rich primer,
after initial mixing, shall be strained through a metal screen not coarser than
30 mesh (600 um) or finer than 60 mesh (250 um), before application.
Small quantities may be withdrawn from the mixed primer and applied by
brush or dauber for minor touch-up of thin primer, stiffener snipes and other
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areas inaccessible for spraying. Pot life and dry film thickness limits shall
apply to brush or dauber application.

Thinning will be permitted when required for proper application. The type of
thinner used and the amount used shall be as recommended by the paint
manufacturer for the ambient conditions. Any thinner additions (quantity and
time) shall be documented on the record for each batch of primer.

Weather Conditions. Primer shall be applied when the temperature of the
metal and the air are above 32 °F (0 °C) and within the limits specified by the
coating manufacturer’'s product data sheet, and when conditions are
otherwise satisfactory for such work, including an air speed less than 5 mph
(8 km/hr), a temperature more than 5°F (3°C) above dew point, and
adequate light and ventilation. The surface of the steel shall be dry when
the paint is applied. The relative humidity and ambient temperature ranges
specified by the coating manufacturer for primer application shall be
maintained in the paint area and areas where steel is stored for at least ten
hours after painting is complete. If the relative humidity cannot be
maintained above the manufacturer’'s recommended lower limit due to
ambient conditions, alternate methods of ensuring proper cure may be
proposed by the Contractor, accompanied by supporting recommendations
from the coating manufacturer, for the Engineer’s consideration.
Documented records correlating the items primed, temperatures of paint and
material during application, and the ambient temperature and relative
humidity for painting and storage areas shall be maintained by the painting
facility.

Application. Paints shall be applied by either airless or conventional spray
methods, except areas inaccessible to spray and small touch-up areas may
be painted by brush or dauber. When inorganic zinc-rich primer is being
spray applied, the material shall be kept under constant agitation with a
power mixer to avoid settling. The applicable recommendations of the
coating and spray equipment manufacturers as well as those of the Steel
Structures Painting Council for Good Painting Practice shall be followed for
all shop painting.

The coating shall be applied to produce a smooth, uniform coating with an
average dry-film thickness of at least 3.0 mils (75 um) at any location. The
minimum dry-film thickness of an inorganic zinc-rich prime coat measured at
any spot shall be at least 2.5 mils (65 um), except as otherwise specified for
contact surfaces of high-strength bolted connections. If the paint coating is
too thin or if portions of the steel are not coated completely, the deficient
portions shall be prepared and repainted according to the coating
manufacturer’'s recommendations for surface preparation, thinning and
techniqgue. The maximum dry film thickness (DFT) shall be 6.0 mils
(150 pm) for a single coat and 8.0 mils (200 um) for multiple coats. DFT in
excess of these limits may be reduced by methods approved by the
Engineer or the coating may be removed and replaced. Alternatively, the
Contractor and coating manufacturer may propose verification tests that
prove the integrity and acceptability of the heavier DFT to the Engineer. If
the Engineer accepts the evaluation methods and the areas of excessive
DFT satisfy testing, they may remain. All such testing shall be at the
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Contractor's expense, and the Contractor remains responsible for the
performance of the primer until final acceptance of the field coats on those
areas.

Removal of Unsatisfactory Paint. If all or a portion of the paint coat shows
significant or widespread defects, evidence of having been applied under
unfavorable conditions, or poor workmanship, the Engineer may order it
removed and steel cleaned and repainted. Where “mud cracking” occurs in
inorganic zinc-rich primer, it shall be removed to soundly bonded paint and
re-coated if necessary for adequate DFT. Areas adjacent to the removal of
unsatisfactory paint shall be feathered to provide a smooth transition
between originally and re-applied paint.

Contact and Inaccessible Surfaces. Surfaces in contact at shop-welded or
shop-bolted joints need not be painted unless specified, but shall be free of
heavy or loose rust and scale, non-adherent paint, and other foreign
material. Unpainted shop bolted connections joining elements which each
require Charpy V-notch (CVN) tested material shall be cleaned to the
requirements of SSPC SP6, Commercial Blast Cleaning. Surfaces not in
contact, but which will be inaccessible after assembly and erection, shall be
shop primed.

For painted areas, contact surfaces of field bolted connections joining
elements which each require CVN tested material shall receive one shop
coat of primer with a dry-film thickness from 1.0 to 5.0 mils (25 to 125 um).

Surfaces in Contact with Concrete. Top surfaces of painted beams and
girders shall be given one shop coat of primer, except that portions where
stud shear connectors are field installed shall not be painted. Unless hot dip
galvanized, all portions of expansion guards (except anchor studs or bars),
that are to be in contact with or partially embedded in concrete, shall be
shop primed. Steel that is to be completely embedded in concrete shall not
require painting, except when specified.

Machine-finished Surfaces. Machine-filled surfaces of pins, pin holes, or
other sliding surfaces, except stainless steel, shall be coated as soon as
practicable after being approved, with lacquer or an anti-rust compound.
When anti-rust compound is used, it shall be removed at the time of erection
and a coating of a suitable lubricant approved by the Engineer shall be
provided and applied by the erection Contractor before installation.

Bearing Surfaces. All surfaces of rockers, bolsters, masonry (base) plates,
and shims of fills placed under masonry plates shall be given one coat of
primer. Sole (top bearing) plates welded or bolted to members shall receive
the same treatment as the member at that location.

Connectors. For areas that will be shop and/or field painted, all high-
strength bolts and other connectors, including nuts and washers, installed in
the shop or field shall be zinc-coated according to Article 1006.08(a).

Erection Marks. Erection match marks and member piece marks shall be
legible when delivered to the jobsite. Contrasting paint may be used on
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areas that have received shop primer to identify locations of stamped marks
or to duplicate their information. The paint used shall be the same as, or
compatible with, the field topcoat. Paint marks used on unpainted steel shall
not be in locations readily visible on the finished structure, such as the
outside face of exterior members or the underside of bottom flanges. Marks
in areas readily visible after erection shall be removed.

506.05 Field Painting New Structures. The requirements of Article 506.04,
paragraphs (b) to (e), inclusive, shall also pertain when applying intermediate and
final coats of paint on new steel, hereinafter referred to as “field painting” whether in a
field or shop environment.

The Contractor shall protect pedestrian, vehicular, watercraft, or other traffic
upon or underneath the structure, and also all portions of the structure against
damage or disfigurement by paint. When painting over waterways, the Contractor
shall implement such controls as are necessary to avoid paint spills into the water or
depositing paint films on the water during spraying operations.

Field painting shall consist of spot painting and application of paint coatings
required. Paint may be applied by spray or with brushes as specified in
Article 506.04(d). Airless equipment shall be used when spray painting is done in the
field. In addition, the use of rollers will be permitted in the application of paint
coatings to flat surfaces, provided satisfactory results are obtained. Only brushes or
rollers shall be used when spray painting is prohibited by the Special Provisions. If
the structure includes a concrete deck, field painting at the job site shall be done after
the deck is poured and the forms have been removed.

Before the application of the first field coat, the prime coat shall be cleaned of all
dirt, oil, and other foreign substances by high pressure water. Adherent foreign
material remaining after high pressure water washing shall be removed in a manner
subject to the approval of the Engineer such that damage to the primer and base
metal is minimized. Rust staining due to unpainted top flanges need not be removed.
Also prior to the first field coat, prime coat damage, field welds, bare steel that must
be field painted, or any rust that has developed in shop primed areas shall be power
tool cleaned to SP 11 or blast cleaned to SP 6, and surfaces shall be dry.

When a structure has been cleaned to the satisfaction of the Engineer, it shall be
spot painted in areas specified to receive field paint and/or where the hot-dip
galvanizing coating has been damaged. The spot painting shall consist of the
application of one coat of high build aluminum epoxy mastic paint applied on the
exposed portions of field bolts, damaged galvanizing, and all areas noted in the last
sentence of the preceding paragraph. A compatible coating produced by the
manufacturer may be used in lieu of the aluminum epoxy mastic if approved by the
Engineer. Stainless steel surfaces shall not be painted.

The dry film thickness of the aluminum epoxy mastic shall be 5.0 to 7.0 mils
(125 to 175 pm) and it shall be applied when the surface is dry and both the steel and
coating temperatures are within the manufacturer’s recommended range. The spot
painted areas shall be kept within the manufacturer's recommended temperature
range and protected from moisture and contaminants until full cure has been verified.
Spot painting shall be done when dirt or other material from the cleaning operations
will not fall or blow on the spot coat.
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The sequence of the work shall permit the prime coat and/or the intermediate
coat to fully cure to satisfy recoating requirements before the next coat is applied. In
no case shall paint be applied until the previous coat has been inspected by the
Engineer and its condition has been verified by the appropriate tests.

Except as provided herein, field painting shall be done after the erection is
completed. Surfaces that require field paint but would be inaccessible after the
erection is completed shall be painted as approved by the Engineer during either
fabrication or erection or at the job site prior to installation.

Surfaces that will have concrete poured against them or that shall be in contact
within high-strength bolted connections shall receive no field paint.

(@) The number of coats, colors, and types shall be as specified in the contract.

(b) Machine-finished Surfaces. Except for stainless steel which shall not be
painted, machine-finished surfaces, and the ends, threaded parts, and nuts
of pins exposed after erection shall be cleaned according to SSPC SP 1,
Solvent Cleaning, be painted with one coat of the paint used for spot
painting, and then be painted with the paint specified for field painting the
structure.

(c) Work Under Separate Contracts. All field cleaning and field painting of new
work shall be included as part of the contract that includes the erection of
the steel. When complete field painting is not included in the contract that
includes the erection, the spot cleaning and painting of damaged coatings
on newly erected work and applying one coat of the field paint to applicable
surfaces that will be inaccessible after erection shall be included under the
contract that included the erection. Field painting under a contract that does
not include the erection shall include the cleaning and spot preparation
necessary at the time the work is performed, and the additional spot and
field paint coatings required.

(d) Inspection. The Contractor shall provide the Engineer adequate access for
the inspection during all stages of work performed. The Contractor shall use
a compatible paint with contrasting color to stencil the date of painting and
the paint type code from the Structural Information and Procedure Manual
on the surface of the final field coat. The letters shall be capitals, not less
than 2 in. (50 mm) and not more than 3 in. (75 mm) in height. The stencil
shall contain the word “Painted” and shall show the month and year in which
the painting was completed followed by the proper paint type code. This
shall be stenciled on the top surface of a truss end post or arch rib near the
top of the right side railing, or on the outside face of the left-side fascia
member near each ends of the bridge (at the right end of the structure when
viewed from below), or at some equally visible surface designed by the
Engineer.

506.06 Method of Measurement. Shop cleaning and painting new structures
will not be measured for payment. Field cleaning and painting will not be measured
for payment, except when performed under a contract that contains a separate pay |
item for this work.
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506.07 Basis of Payment. Cleaning and painting in connection with the
fabrication and erection of steel structures will not be paid for separately but shall be
considered as included in the contract unit price or prices for furnishing, fabricating
and erecting, or installing the material.

The field cleaning and painting of newly erected structural steel under a contract
separate from the fabrication and erection will be paid for at the lump sum price for
CLEANING AND PAINTING STRUCTURAL STEEL, at the location specified and the
field cleaning and painting of steel railings which are fabricated and erected at the
contract unit price per foot (meter) will be paid for at the contract unit price per foot
(meter) for PAINTING STEEL RAILING when performed under a contract separate
from the erection.

SECTION 507. TIMBER STRUCTURES
507.01 Description. This work shall consist of timber construction required
for bridges and appurtenances, where the timber is incorporated in the completed
structure. All lumber and timber for erection purposes, such as falsework, forms,

sheeting, bracing, etc., are not subject to the requirements of this Section.

507.02 Materials. Materials shall be according to the following.

Item Article/Section
(@) Structural TIMDEr ... 1007.03
(b) Preservative Treatment .................. ...1007.12
(c) Fastenings for Timber Structures .... ...1006.17
(d)  StruCtural STEEI ......cooiiiiiiiiiee e 1006.04
(e) Asphalt Binder, Grade PG52-28, PG58-28 or PG58-22 ..... 1032.01 - 1032.05
() FINE AQOregaLe ....ccoiiiiiiiiee ettt e e e e e e e 1003.03
(g) Structural Steel Coatings ........cccvveeeeeeiiiiiiiiee e 1008.01 - 1008.02

Structural steel and other metals requiring fabrication shall be fabricated
according to Section 505.

CONSTRUCTION REQUIREMENTS

507.03 Storage of Materials. Untreated lumber at the site of the work shall
be open-stacked on supports at least 12 in. (300 mm) above the ground and shall be
so stacked and stripped as to permit free circulation of air between the tiers and
courses. When required by the Engineer, it shall be protected from the weather by
suitable covering. Treated timber shall be close-stacked according to Article 1007.13.

507.04 Workmanship. All timber shall be accurately cut and framed to a
close fit in such manner that the joints will have even bearing over the entire contact
surfaces. Nails and spikes shall be driven just sufficiently to set the heads flush with
the surface of the wood. Deep hammer marks in wood surfaces shall be considered
evidence of poor workmanship.
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507.05 Treated Timber. All cutting, framing and boring of treated timber shall
be done before treatment insofar as is practicable.

(@) Handling. Treated timber shall be handled carefully without sudden
dropping, bruising, breaking of outer fibers or penetrating the surface with
tools. It shall be handled with rope slings. Cant hooks, peaveys, pikes, or
hooks shall not be used.

(b) Cuts, Abrasions, and Holes. All cuts, abrasions, and holes made after
treatment shall be repaired according to Article 1007.13. Each coat shall be
allowed to dry before the next coat is applied. Any unfilled holes, after being
treated with preservative, shall be plugged with treated plugs.

(c) Temporary Attachments. Forms or temporary braces may be attached to
treated timber with nails or spikes only when approved by the Engineer.
Upon their removal, the holes shall be filled by driving galvanized nails or
spikes flush with the surface, or by plugging as required for holes.

507.06 Countersinking. Countersinking shall be done wherever smooth
faces are required. Recesses formed in treated timber for countersinking shall be
treated as required for cuts and abrasions, except as specified for plank floors.

507.07 Hardware. The term hardware shall include all metal fastenings
required for timber connections or for connecting timber to concrete or steel work.
The following items will be considered as hardware: bolts, tie rods, turnbuckles,
washers, nuts, drift bolts, steel dowels, nails, spikes, and lag screws for timber
connections; steel plates used as washers or between timber caps and the tops of
piles or timbers; metal timber connectors of various designs; metal shear developers
for composite timber and concrete floors; and anchor plates or clips for plank floors
and sidewalks. Sheet metal pile coverings and steel traffic treads and their
fastenings are not considered hardware.

All hardware for treated timber construction, except cast iron ogee washers,
malleable iron washers and timber connectors, shall be stainless steel or galvanized.

(@) Rods. Rods connecting only sawed timbers shall be threaded sufficiently at
each end to provide tight connections, allowing for permissible variations in
dimensions of material. All rods shall extend entirely through the nut at each
end and, after being drawn tight, all ends that project more than 1 in.
(25 mm) beyond the nut shall be cut off about 1/2 in. (13 mm) beyond the
nut.

(b) Bolts. The length specified shall be the length measured under the head.
Bolts may be substituted for rods for timber connections where the length of
threaded portion provided by the bolt is sufficient. Bolt ends projecting more
than 1in. (25 mm) beyond the nut shall be cut off as specified for rods.
Special flat head bolts, or carriage bolts, shall be used for connections
horizontally through railings and wheel guard timbers, with the head at the
roadway face of the timbers. Machine bolts with square heads and nuts
shall be used for other connections.
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(©

(d)

(e)

Lag Screws. Lag screws shall be installed by turning them into place. They
may be driven sufficiently to start them into the holes and hold them firmly in
place for turning, but shall not be driven beyond the depth that will be
occupied by the shank.

Nuts and Washers. Washers shall be used under all nuts and bolt heads
that would otherwise come in contact with wood, except under large
diameter heads of specially designed flat head bolts. Ogee or malleable iron
washers shall be used for all tie rods except where plate washers are called
for by the plans, and for all rods and bolts passing through piles except bolts
connecting railing plank to wing piles. Standard wrought washers shall be
used at all locations, except where washers of other types are required. All
nuts shall be standard square nuts. They shall be tightened sufficiently to
prevent the rods or bolts from becoming loose during service and, after
being tightened, they shall be effectively secured against backing off by
burring of the rod or bolt threads.

Nails and Spikes. Nails shall not extend through all material into which they
pass. The size of nails and spikes, when not otherwise shown, shall be
according to the following.

Size of Nails and Spikes

Actual Actual Size of
Thickness of Thickness of Piece Nails
Piece Nailed Nailed to and
in. (mm) in. (mm) Spikes

15/8 (41) 15/8 (41) 10d
15/8 (41) 2 (50) 16d
15/8 (41) 2 5/8 (66) or more 20d
2 (50) 2 (50) 16d
2 (50) 2 5/8 (66) or more 20d
25/8 (66) 2 5/8 or 3 (66 or 75) 40d
25/8 (66) 3 5/8 (92) or more 60d
3 (75) 3 (75) 50d
3 (75) 3 5/8 (92) or more 60d
35/8 (92) 3 5/8 (92) Spikes
4 (100) 3 5/8 (92) or more 7.in. (178 mm) spikes

507.08 Holes for Bolts, Dowels, Rods, and Lag Screws. Holes for round
drift bolts and dowels shall be bored with a bit 1/16 in. (2 mm) less in diameter than
the bolt or dowel to be used. The diameter of holes for square drift bolts or dowels
shall be equal to the least dimension of the bolt or dowels. Holes for bolts shall be
bored with a bit of the same diameter as the bolt. Holes for rods shall be bored with a
bit 1/16 in. (2 mm) greater in diameter than the rod. Holes for lag screws shall be
bored with a bit not larger than the body of the screw at the root of the thread. If
required to prevent splitting, the hole for the shank shall be bored the same diameter
as the shank. The depth of holes for lag screws shall be a minimum of 1 in. (25 mm)
less than the length under the head.
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507.09 Pile Bents and Abutments. All work involving piles shall be
according to Section 512. Cut-offs shall be made accurately to ensure complete
bearing between the cap and piles, or good alignment of the tops of wing piles. No
shimming between pile tops and caps will be permitted, except to provide for
adjustment of not more than 1 in. (25 mm) required on account of errors in cut-off.
The shim for this purpose shall consist of a single square steel plate of the proper
thickness, having the same width as the cap, punched 1/16 in. (2 mm) larger than the
drift bolt. The piles for any one bent or line shall be selected carefully as to size, to
avoid undue bending or distortion of the bracing or backing timbers. Care shall be
exercised in the distribution of piles of varying sizes to secure the required strength
and rigidity throughout the structure.

507.10 Caps. Timber caps shall be placed, with ends aligned, in a manner to
secure an even and uniform bearing on the tops of the supporting posts or piles.
They shall be secured by a drift bolt not less than 3/4in. (20 mm) in diameter,
extending at least 9 in. (225 mm) into each post or pile. The drift bolt shall be as near
the center of the post or pile as possible without interfering with rods passing through
the post or pile near the cap. Caps shall not be spliced, except as provided by the
plans.

507.11 Backing Plank. Backing plank shall be placed so that exposed ends
form a straight line. They shall be fastened to each pile and nailing strip with at least
two nails or spikes. Splices in backing plank shall be made at the center of a pile and
splices in adjoining lines or plank shall be staggered. Backing plank for wings shall
be placed so that the top of the top plank will be at the proper elevation.

507.12  Stringers. Timber stringers shall be placed in position so that the floor
will have an even bearing on all stringers and so that any knots near edges will be in
the top portions of the stringers. Outside stringers may have butt joints, centered
over caps or floor beams, but interior stringers shall be lapped to take bearing over
the full width of the cap or floor beams at each end. Stringers shall be toenailed to
caps and intermediate stringers of adjoining spans shall be spiked together where
they lap.

Cross-bridging between stringers shall be neatly and accurately framed, and
securely toenailed with at least two nails in each end. All cross-bridging members
shall have full bearing at each end against the sides of stringers. 2 in. (50 mm) by
4 in. (100 mm) cross-bridging shall be placed at the center of each span.

507.13 Plank Floors. The floor planks shall be laid at right angles to
centerline of roadway. The planks shall be carefully graded as to thickness and laid
so that no two adjacent planks will vary in thickness by more than 1/16 in. (2 mm).
When more than one length of plank is required, joints between abutting ends shall
be staggered at least 3 ft (1 m) in any two adjacent lines of plank. Ends of planks at
the edges of the roadway shall be cut on a straight line parallel with the centerline of
the roadway.

When plank floors on steel stringers are to be fastened to nailing strips bolted to
the sides of the steel stringers, the top of each nailing strip shall be flush with the top
of the beam or channel. A recess of the proper width and depth shall be provided in
the top surface of the nailing strip to fit neatly around the projecting flange of the
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beam or channel. Nailing strips for treated plank floors shall be so recessed before
treatment.

In constructing floors of untreated material, the planks shall be laid heart side
down with 1/4 in. (6 mm) joints between them for seasoned material and with tight
joints for unseasoned material. Treated plank floors shall be laid with tight joints,
except when the planks are separated by anchor clips used for fastening the planks
to steel stringers.

Standard wrought washers shall be used under the heads of all lag screws and
the heads or nuts of all machine bolts used for fastening the floor plank. Where
machine bolts are used for fastening the floor plank, all nuts used shall be locknuts.
Heads of all lag screws and bolts in the surface of the floor shall be countersunk so
that the tops will be flush with the surface of the plank. Recesses formed for
countersinking shall be just large enough to admit the washers and, after the lag
screw or bolt is in place, shall be filled with hot pitch.

For laminated or strip floors, the strips shall be placed on edge and each strip
shall be nailed to the preceding strip at each end with two nails and approximately at
18 in. (450 mm) intervals with nails driven alternately near the top and bottom edges.
The nails shall be long enough to pass through two strips and at least halfway
through the third strip. If timber stringers or nailing strips are used, every other strip
shall be toenailed to every other support. Care shall be taken to have each strip
vertical and tight against the preceding one, and bearing evenly on all supports.

507.14 Bituminous Surface Coat. When required, plank floors shall be given
a bituminous surface coat. The floor shall be cleaned of foreign materials and the
asphalt cement shall be applied at a temperature of from 275 to 350 °F (135 to
175 °C) and at a rate of approximately 1/4 gal/sq yd (1 L/sq m) of surface. The plank
shall be dry at the time of this application. The entire surface shall then be covered
with a thin coating of fine aggregate, sufficient in quantity to take up any free bitumen.

507.15 Steel Traffic Treads. Steel traffic treads shall be not less than 3/16 in.
(5 mm) thick, exclusive of the raised portions, not less than 24 in. (600 mm) wide, and
the individual sections not more than 15 ft (4.5 m) long. Treads shall have a non-skid
surface with alternate projections at right angles to each other. The raised portions
shall be formed in the rolling and not by punching or pressing from the under side.
Treads shall be punched 7/16 in. (11 mm) for lag screws or bolts. The holes shall be
placed not less than 1 1/4 in. (30 mm) nor more than 1 1/2 in. (40 mm) from the edge
of the tread. The spacing of holes on both sides of the tread shall be not more than
15 in. (375 mm) and on both ends of each section not more than 6 in. (150 mm). The
unit weight of the treads shall be approximately 8 3/4 Ib/sq ft (43 kg/sg m).

Before the treads are laid, all high spots and rough spots in the plank floor shall
be removed so that the treads will be in contact with the floor for their full length and
width. Treads shall be laid in a heavy mop coat of hot asphalt according to
Article 1032.11, PAF-3. Treads shall be laid with a space of 1/4 in. (5 mm) between
adjacent ends and shall be fastened by means of 3/8 in. (M10) galvanized bolts.
Where bolts cannot be installed, 3/8 in. by 3 in. (M10 by 75 mm) galvanized screws
shall be used.
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507.16 Wheel Guards and Railings. Wheel guards and railings shall be
accurately framed so that they will be true to line and grade. Wheel guards shall be
laid in sections not less than 12 ft (3.6 m) long with each splice located approximately
over the center of a scupper block. Railing plank shall be untreated timber and shall
be painted with two coats of white paint. Surfaces in contact with rail posts or piles
shall be painted with one coat before the railing planks are erected.

507.17 Method of Measurement. This work will be measured for payment as
follows.

(@) Contract Quantities. The requirements for the use of Contract Quantities
shall conform to Article 202.07(a).

(b) Measured Quantities. The quantity of timber will be computed in foot board
measure (cubic meters). Computations of quantity will be based on the
nominal commercial widths and thicknesses of the material. The length will
be the actual lengths of the various pieces required, measured to the
nearest 1 in. (25 mm). The length of each piece with a beveled end will be
taken as the overall length of the piece, except that when two or more
pieces with beveled ends may be cut economically from a single commercial
length, the sum of the lengths will not exceed the commercial length
required. The quantity computed for payment will include all splices required
by the plans but will not include any allowance for additional splices or
waste.

Hardware will be measured for payment in pounds (kilograms). The weight
(mass) of rods and plates will be computed from the weights (masses)
shown in the current edition of the American Institute of Steel Construction
Manual, with no deduction for holes and no allowance for overrun. Weights
(masses) computed from dimensions of material will be based upon a weight
(mass) of 490 Ib/cu ft (7850 kg/cu m) for steel, 485 Ib/cu ft (7770 kg/cu m) for
wrought iron, and 450 Ib/cu ft (7200 kg/cu m) for cast iron. No additional
allowance for loss or waste will be added to the computed weights (masses),
but an additional allowance of 3 1/2 percent for galvanizing will be added to
weights (masses) of all galvanized material computed on the basis of
ungalvanized material.

Bituminous surface coat for plank floors will be measured for payment in
square yards (square meters).

Steel traffic treads will be measured for payment in square feet (square
meters).

507.18 Basis of Payment. Treated timber will be paid for at the contract unit
price per foot board measure (cubic meter) for TREATED TIMBER. Untreated timber
will be paid for at the contract unit price per foot board measure (cubic meter) for
UNTREATED TIMBER. All items classed as hardware will be paid for at the contract
unit price per pound (kilogram) for HARDWARE. Bituminous surface coat for plank
floors will be paid for at the contract unit price per square yard (square meter) for
BITUMINOUS SURFACE COAT. Steel traffic treads, including bolts, lag screws, or
other fastenings, will be paid for at the contract unit price per square foot (square
meter) for STEEL TRAFFIC TREADS.
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SECTION 508. REINFORCEMENT BARS

508.01 Description. This work shall consist of furnishing and placing
reinforcement bars.

508.02 Materials. Materials shall be according to Article 1006.10.

CONSTRUCTION REQUIREMENTS

508.03 Storage and Protection. The reinforcement bars, when delivered on
the job, shall be stored above the surface of the ground upon platforms, skids, or
other supports, and shall be protected from mechanical injury and from deterioration
by exposure. When placed in the work, they shall be free from dirt, detrimental scale,
paint, oil, or other foreign substances. A light coating of rust will not be considered
objectionable on black bars. For epoxy-coated reinforcement bars, all systems for
handling shall have padded contact areas. The bars or bundles shall not be dropped
or dragged. Coated bars shall be stored on wooden or padded steel cribbing.

508.04 Cutting and Bending. Reinforcement bars shall be cut and bent at
the mill or shop to the shapes shown on the plans before shipment to the work.
Bending in the field will not be permitted, except to correct errors, damage by
handling and shipping, and minor omissions in shop bending.

Epoxy-coated reinforcement bars on skewed brid